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PREFACE

The purpose of this data book is to keep Test and Evaluation Division
engineers abreast of pertinent current developments in NASA programs and
provide an up-to-date reference book for environmental testing and spacecraft
evaluation.

VOLUME |

Sections I and II present the current status of Goddard satellite and NASA
launch vehicle and sounding rocket programs.

Section IIl summarizes currently effective levels for Goddard environ-
mental testing of Spacecraft and sounding rockets. This Section also contains
a bibliography of reports on past and current Goddard environmental test
programs.

VOLUME 2

Sections IV and V summarize scientific and engineering data on the space
and launch environments, respectively, which Goddard spacecraft encounter.
Section VI will summarize data on the pre-launch environment when completed.

As the NASA Environmental Design Criteria documents now under prepara-
tion at various NASA centers are completed and approved, Section IV will be
revised as indicated by the contents of these papers. Preparation of Section
VI likewise will take advantage of these documents.

Appendix A is a glossary containing definitions of common space terms as
well as definitions which particularly apply to environmental test and evalua-
tion activities. It has the specific purpose of providing standardized defini-
tions for terms commonly used in reports and specifications which originate in
the Test and Evaluation Division.

Appendix B consists of an international log of space launches which
contains key data on all launches since the first Soviet shot on October 4,
1957.
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INTRODUCTION

The total environment in which the space vehicle must function includes the pre-launch,
launch, and space environments. Section IV describes the space environment; and Sections
V and VI, when completed, will present the launch and pre-launch environments.

Research for Section IV has included pertinent findings of scientific satellites, and the
respective units describe different phenomena of space, based on available scientific data.
For the contribution of their judgment and time in review of the various units of this Section,
we are most grateful to R. E. Bourdeau, ‘Dr. W. Nordberg, W. M. Alexander, Dr. C. E. Fichtel,
H. H. Malitson, and Dr. J. P. Heppner, all of Goddard Space Flight Center.

Each unit deals with one aspect of space environment and contains a list of references
in case the reader wishes to study the subject further. The units of Section IV also indicate
some of the effects of particular phenomena of space on space vehicles. Brief abstracts of
the material in Section IV appear bélow.

The Earth’s Atmosphere

The NASA-sponsored U. S. Standard Atmosphere, 1962 has furnished the major
portion of the material for this unit. Marginal graphs show average values of atmospheric
pressure, density, and kinetic temperature for all altitudes to 700 km. The paragraphs
on atmospheric composition present the concentrations of both the neutral and ionized
molecules. This unit concludes with probability contours for the extreme wind conditions
over the United States, abstracted from design data recommendations in the U. S. Air
Force Handbook of Geophysics.

The Structure of the lonosphere

Photoionization results in the formation of distinct regions of electron concentrations
in the upper atmosphere which are known as the ionosphere. This unit describes the
characteristics of these regions, including the numerous variations in electron densities
as to time and what is known of causal and accompanying phenomena.

Solid Particles

This unit describes the ypes of solid particles and their distribution in atmosphere
and space. Recent satellite experiments and ground observations form the basis for
current thought on this subject.

Energetic Particles

This unit deals with the atomic and subatomic matter found in space. Although
negligible in size, these particles have dangerously high energies. The introductory
figure plots the flux of the various particles as a function of their energy. The major
classifications--cosmic rays, particles of solar origin, and particles trapped near earth--
are easily seen on this plot, as is the fact that particles of cosmic origin have the
highest energies, while the trapped particles exhibit the greatest intensities.

Electromagnetic Radiation

This phenomenon arises from two major sources: the sun and the earth. The unit

Sammmam e Aae —m o aa thn Micna antalls n o raviam Af AMisran
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iniCoiporaies iecent data obtained vy wie 11iiCs satellites in 2 current knowledge.

Magnetic Fields

This unit discusses the intensities and variations of the magnetic fields which exist
at the surface of the earth, in the atmosphere, ionosphere, magnetosphere, and inter-
planetary space. Evidence from experiments carmied by deep space probes forms the
basis for estimates of the magnetic field strength in interplanetary space.
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SECTION |v UNIT1

EARTH'S ATMOSPHERE TABLE I

The earth’s atmosphere is a gaseous envelope surrounding the HEIGHT — TEMP  PRESSURE  DENSITY

. . . . . = =i = 3
earth and extending outward to where the kinetic velocity of the (KM) K (MB) GM/ M
atmospheric particles overcomes gravitational ’forces at dlstance's 5 S eariie peaen
from one-half to one earth radius from the earth’s surface. At alti- 11019  216.65 2.2632+2 926392 +2
tudes up to 90 km the atmosphere is a stable, homogeneous mixture, 20.063 216.65 5.4747+1 8.8033 +1
consisting mainly of nitrogen and oxygen molecules in the ratio of 32.162 228.65 8.6798 0 1.3225%1
gbout 4 to 1. Abox'/e- 90 km the diffusion process become§ more S 12 S iy 8 i
important than the mixing process, and the various atmospheric con- 59,420 270.65 5.8997- 1 7.5939- 1
stituents tend to concentrate at various levels in atomic form with 61.591 252:65 - 18209 --1. '2:5108 - 1
oxygen (having the highest atomic weight) concentrating at lower 79.994 180.65  1.0376 - 2 2.0009 - 2
}evelsh.and the other elements tending to concentrate at successc-1 e A e e
ively 1gher_ levels in order .Of decrea§1gg atomic weight. An adde 100.000 210.02  3.0070 - 4 4.9731- 4
complexity in the atmospheric composition above 90 km results from 110,000 25700 7.3527-5 :9.82771-'5
the dissociation and ion production induced by solar radiation; 120.000  349.49  2.5209 - 5 2.4352- 5
below thl_s altltudg the atm_osphere consists malr.lly of n.eut.raldmole- e TSN e
qules Whlle at higher altitudes the concentration of ionized par- 160.000 1,022.20 3.6929- 6 1.1584- 6
ticles is significant. 170.000 1,103.40  2.7915- 6 8.0330 - 7
190.000 1,205.40  1.6845- 6 4.3450 - 7
Atmospheric parameters of major interest are the pressure, tempera- X0 1IBLEE. SR -t LB
¢ densi ft g wind f . £ 300.000 °1,432.10 1.8828 - 7 3.5831- 8
ure, ensity, composition, an win structure as a unction o 400.000 1.487.40 4.0278 - 8 6.4945 - 9
altitude. Up to 700 kilometers altitude, the best existent summary 500.000 1,499.20  1.0949 - 8 1.5758 - 9
of pressure, temperature, and density, and variations therein (some 600.000 1.506.10  3.4475- 9 4. 6_-?6§ = 1D
estimated) is the 1962 version of the U. S. Standard Atmosphere. wn Lecle NG o
Temperature, pressure, and density data from the new standard are | S P SRR F o SO P S Ay 95

summarized for some altitudes in Table I and on certain of the mar- [ SR
ginal figures; the document itself should be consulted for details. : :
This unit goes beyond the standard atmosphere in that the region

above 700 kilometers is discussed and the parameters of composi-

tion and wind structure at all altitudes are included.

The atmosphere affects every space vehicle passing through it by
the drag force exerted, which is directly proportional to the density
of the atmosphere and the square of the space vehicle’s velocity.
In the low pressure of the upper atmosphere as well as in inter-
planetary space, the evaporation of metals and bearing lubricants
is a consideration in space vehicle design. Physical-chemical
reactions on surfaces of instrumentation hardwa:e, enhanced by
solar ultraviolet and energetic particle radiation, must also be con-
sidered in spacecraft design. An atmospheric effect of importance
on space vehicles at lower altitudes is aerodynamic heating and
pressure. In the radio tracking of space vehicles and spacecraft,
ionization effects on radio transmission must be overcome. The
degree of artificial ionization which occurs during reentry of space-
craft into the earth’s atmosphere is determined by the density and
composition of the atmosphere as well as by spacecraft velocity.
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Pressure, Temperature, and Density

Table I has been extracted from the U, S. Standard Atmosphere,
1962; the entries describe the idealized middle latitude, year-round
mean of three atmospheric parameters over the range of solar acti-
vity. These means are more valid for the lower levels of the atmos-
phere where actual observations are more numerous. A distinction
is, in fact, made in the referenced document. Tabulated values for
the region below 32 kilometers are considered ‘standard;’ values
for the 32—-90 kilometer range are ‘proposed standard,’ while values
above 90 kilometers are described as ‘speculative.’

The parameters for the region below 90 kilometers have been
sufficiently observed that latitudinal and seasonal variations may
be distinguished. A detailed presentation of these variations for
four latitudes and two seasons will soon be available as supple-
ments to the 1962 standard atmosphere. Variations accompanying
change in latitude or season in the region below 90 kilometers may,
however, be briefly described as follows. It is estimated that den-
sity variations range from a low of about 1 percent of the Table I
value at 8 kilometers to a high of about 50 percent near 70 kilo-
meters. Temperature variations range from 4 to 30 percent around
the tabulated valyes. Density variations at 90 km are probably less
than at 70 km but increase rapidly above 90 km.

Data are insufficient to define mean values of temperature, pres-
sure, and density parameters for various seasons or latitudes in the
90 to 200 km altitude range; the standard atmosphere values are
means of the existing measurements,

One of the recent results of the Space program is the finding
that there are considerable variations in temperature, pressure,
and density above 200 km. These variations have been directly
related to solar radiation. A diurnal variation in temperature in the
order of 500 degrees K may occur in the region from 200 to 700 km.
This temperature fluctuation causes diurnal density variations up to
one order of magnitude above the temperature variation at these
altitudes. Consistent with the strong correlation between density/
temperature fluctuations and solar radiation in the diurnal cycle,
fluctuations in density and temperature occur in a seasonal pattern
and also in response to solar activity,

It should be noted that the atmosphere at a given time is nearly
isothermal above 300 km. Temperature in these tegions is usually
deduced from density measurements determined from satellite drag
observations.
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Composition

Up to 90 kilometers altitude, the atmosphere is a homogeneous
mixture largely of molecular nitrogen (78.08 percent) and oxygen
(20.95 percent). Argon and carbon dioxide contribute 0.93 and .03
percent respectively. The trace elements include, in order of de-
creasing content, the following: neon, helium, krypton, xenon, hydro-
gen, methane, nitrous oxide, ozone, sulfur dioxide, nitrogen dioxide,
ammonia, carbon monoxide, and iodine. Water vapor is present in
increasing concentration towards the ground and ozone becomes an
important trace element from 20 to 70 kilometers.

Above 90 km the atmospheric constituents tend to concentrate
at differing altitudes in atomic form with elements of higher atomic
weight predominating at lower altitudes and those of lower atomic
weight concentrating at higher altitudes. Thus oxygen is the pre-
dominant component from 200 to 1000 kilometers, helium from 1000
to 3000 kilometers, and hydrogen at altitudes above 3000 kilo-
meters. An increasing proportion of the atoms and molecules above
90 km are ionized with approximately one-half of all constituents
being ionized near 1500 km.

Winds

The wind structure of the atmosphere, particularly below 90 km,
is a function of locale and time; a detailed prediction can gener-
ally be extrapolated only for a brief time period following the
measurement of existing conditions. Statistical summaries are
available for both world wide and local areas, and data are often
available for inclusjon in summaries for new areas of interest.

Such data, however, exist only within the range of balloon measure-
ments (up to 30 km). The material below presents what are the
extreme conditions expected over the United States, considering
altitudes up to 30 km.

In the winter and over the windiest area of the United States
the strongest winds in this altitude range occur between 9 and 12
kilometers altitude. The marginal figure shows the speed profile
expected to be exceeded at various probabilities. A speed of 300
feet per second will be exceeded only one percent of the time in
the 9—12 kilometer region; the minimum at greater altitudes and the
same probability occurs near 24 kilometers and has a value of about
80 feet per second. Available data have also been accumulated and
estimates may be made of the probability that the expected wind
falls within any range of directions.

Wind data for the region above 30 km are limited. The winds
blow generally from east or west directions, and a maximum occurs
in all seasons at altitudes from 50 to 60 km. Much higher winds
than at lower altitudes have been observed in the 50 to 60 km
region and above. These high wind velocities are mainly important,
however, in their effect upon atmospheric circulation and do not
present a serious problem to space vehicles because the force
represented by high winds at these altitudes is relatively small be-
cause of low atmospheric density.
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STRUCTURE OF THE IONOSPHERE

The ionosphere, an atmospheric region characterized by the presence
of ionized atmospheric constituents, forms a spherical shell around
the earth which begins at approximately 50 kilometers above the
surface. If the term is restricted to its older sense, then the upper
boundary of the ionosphere is the altitude at which radiosounding
techniques become ineffective (about 300 kilometers). This region
is, however, under extensive study by satellites and rockets, and
research has already shown that the upper boundary is indefinite
and that the region extends to the interplanetary plasma.

Various ionization reactions, triggered either by solar radiations
in the ultraviolet and X-ray regions or by primary and secondary
cosmic rays, take place in the ionosphere and are productive of both
electrons and the heavier charged particles. The density of both

the electrons and the heavier particles at any altitude is a function
of the atmospheric composition at that point and of the flux of
radiant energy. Thus the ionospheric constituents vary with altitude,
time of day, solar cycle, season, latitude, and in the case of the
classical F, region, with longitude.

The most important effects of the ionosphere —the reflection, re-
fraction, and absorption of radio waves—are dependent on the elec-
tron density of the ionosphere. A basic finding is that the electron
density is not uniform but increases at certain altitudes, giving rise
to what are known as the D, E, F, and F, regions. These density
maxima can be directly related to radio wave reflectivity. For each
layer there is a critical frequency; this frequency is the lower limit

to the normally incident electromagnetic waves that will not be re-
flected by the layer.

SECTION |V UNIT2
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D Reg’on

The region of the ionosphere nearest the earth js the D region.
Normally it is situated within the altitude range of 50 to 85 kilo-
meters. The D region absorbs radio waves of interest but not so
extensively as to reflect or severely refract, as occurs in the E and
F regions,

Ionization in the D region is generated principally by Lyman
alpha radiation, cosmic rays, and X-rays. There is general agree-
ment that cosmic radiation is the dominant feature in lower D region
ionization. In the upper D region the principal jonizing radiation is
thought to be, normally, Lyman alpha radiation; the resulting ions
being predominantly nitric oxide and molecular oxygen. Shortly
after certain solar disturbances, hard X-ray (below 8 angstrom units)
fluxes increase to high enough levels to become the principal
cause of ionization.

The resulting D region electron concentrations are not easily
measured by land-based ionospheric sounding techniques. How-
ever, limited data obtained by land-based methods and rocket flights

Diurnal and solar cycle effects produce the largest variations in the
D region electron densities. The D region is predominantly a day-
time phenomenon, During the hours of darkness it all but disap-
pears, except under conditions of increased solar activity. It is
thought that the disappearance of the D region at night is caused by
recombination of the free electrons with either positive ions or
neutral particles. Regardless of the phenomenon, the end result is
a decrease in the absorption of radio waves as compared with day-
light hours.

same time as the solar flare, but only in the sunlit portion of the
ionosphere. It is called a sudden ionospheric disturbance (SID) and
usually lasts approximately half an hour. The resultant radio black-
out is thought to be caused by increased ionization of the lower D
region by X-rays emitted from the sun during the flare. The second
or Type II phenomenon is associated with aurorae and local mag-
netic disturbances and takes place mainly at night. Though it is
more intense in nature at higher latitudes, it has been observed out-

solar particle emission. Polar cap blackouts of the Type III
phenomenon occur principally above the auroral zones. These
events occur a few hours after a solar flare and can persist for a
number of days; their effects are more noticeable during the day-
light hours, As might be expected, the occurrence of the above
phenomena is closely related to the 11-year sunspot cycle.
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E Region

Between 85 and 140 kilometers altitude lies the second or E
region. Ionization in the E region is generated principally by
solar radiation in the ultraviolet range (170-1027A) and by soft
X-rays. Recent data, showing that the ultraviolet intensities are
two orders of magnitude greater than formerly believed, have been
interpreted to mean that the ultraviolet is the more important radiant.
The ionization of molecular oxygen by ultraviolet radiation deter-
mines the electron content in region E. Other ions thought to be
present in varying quantities are nitric oxide and monatomic oxygen.

Electron densities in the E region obtained from theoretical
models as well as by experimental methods are in quite good agree-
ment. Concentrations of approximately 150,000 per cubic centimeter
are typical for local noon at sunspot minimum and at 105 kilometers,
a typical height for the density maximum.

Diurnal, seasonal, latitudinal, and solar cycle variations of
electron densities in the E region occur with a relatively high degree
of predictability. The diurnal variation of electron densities is
large with the maximum occurring at local noon. The seasonal
variation is symmetrical about a maximum occurring during the local
summer months. The higher latitudes, though having lower mean
densities throughout the year, have a much greater overall change
from summer to winter than the lower latitudes. Variations of
concentration due to solar activity can amount to an increase of
approximately 50 percent from sunspot minimum to sunspot maximum.

The irregular occurrence of relatively dense concentrations of
electrons in the E region at altitudes near 100 kilometers is an
anomaly called Sporadic E. Sporadic E densities are roughly twice
those in the layer proper. There does not appear to be any correla-
tion between the solar variation and Sporadic E except that the
anomalous concentrations occut near the magnetic equator during
daylight hours and at higher latitudes at night. In the temperate
latitudes Sporadic E occurs much more often in the summer months
than in the other seasons. It is thought that Sporadic E is caused
by the appearance of localized regions of increased ionization in
the main E region and not by increased ionization of the layer
proper.

F Region

The third and highest of the ionospheric regions is the F
region. During part of each day, it is actually two regions, denoted
as the F, and F, regions with the F, region more distinct than the
F,. Throughout the remaining hours, between sunset and sunrise,
the F, region disappears.

Ionization in the F region is caused principally by solar
radiation in the ultraviolet range (170-911 angstrom units).
The predominant ions formed are molecular oxygen and nitric
oxide in the lower F, region, changing to principally monatomic
oxygen in the upper F, and lower F, regions. Monatomic
oxygen is the predominant jon to about 1000 kilometers for
high levels of solar activity. Recent space experiments have
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shown that helium ions predominate in a layer of variable thickness
above 1000 kilometers. At higher altitudes, hydrogen ions predomi-
nate.

Electron concentrations in the F region rise to a maximum
between 300 and 375 kilometers and then taper off to the relatively
low levels found in space beyond the ionosphere. In the F, region a
typical noon sunspot minimum value for the electron concentration is
approximately 250,000 per cubic centimeter at 170 kilometers. Elec-
tron concentrations in the F, region reach a maximum on the order of
one million per cubic centimeter at approximately 320 kilometers.
The electron concentrations in the F region are highly variable; the
variations being a function of diurnal, seasonal, latitudinal, solar
cycle, and, for the F, region, longitudinal effects.

F, Region

The F, region variations are as a rule much more predictable
than those of the F, region. The diurnal variation of the F, electron
densities is generally symmetrical about the local noon maximum dur-
ing the hours of daylight. At night the densities fall below those
measurable by ionosondes (approximately 10,000 per cubic centi-
meter), and the F, region becomes indistinguishable from the F,
region. The seasonal and latitudinal variations of the F, region are
also directly related to the zenith angle of the sun, the average local
noon maxima for each month being symmetrical about the summer
solstice. Concentrations throughout a solar cycle will change by a
factor of about 1.75 from sunspot minimum to sunspot maximum.

F, Region

The F, region variations are complex; variations with longitude
as well as solar and latitude effects occur.

The diurnal variation has two major characteristics:

(a) The change in electron densities at sunrise and sunset is more
abrupt than that in the other ionospheric regions.

(b) In mid latitudes during the winter months daily variations in
density tend to be symmetric, with the maximum lagging noon by
about two hours; but at other geographical positions and during
other seasons the density-time function has two maxima, one before
noon and one after. There are other complexities of somewhat
lesser importance.

Latitude and seasonal variations are not easily summarized.
In general, values of the electron density for latitudes between 50
degrees north and 35 degrees south tend to be higher than average
during November, December and January.

There is a gradual increase in electron density from quiet to
active sun condition.

All of these variations in density are accompanied by a varia-

tion in F, region height. The height is greater at night in the
equatorial region and increases with increasing solar activity.
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The major anomaly is the appearance, usually at night, of
regions of higher electron densities. This gives rise to a multi-
plicity of returns to sounding apparatus, hence the term Spread F
used in reference to this phenomenon. The frequency of occurrence
varies from rare occurrences at 35 degrees geomagnetic to greater
frequencies at high latitudes with a quiet sun. In temperate lati-
tudes, Spread F tends to be associated with magnetic disturbances.
Recent rocket sounding experiments also indicate a dependence of
Spread F on the magnetic field; the multiple returns were believed
the result of field guided ducting along magnetic field aligned
irregularities. Preliminary data from Ariel and Alouette satellites
indicate that irregularities are associated with the Van Allen
radiation belts.
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SOLID PARTICLES

It has long been recognized that meteors are evidence that space
must contain solid particles. Study and deduction, particularly that
based on visual observations of meteors, has resulted, for the larger
particles, in magnitude' estimates of the important parameters: the
size, density, velocity,  flux and spatial distribution. Currently,
study of the collisions of the smaller particles with instrumented
portions of satellites is adding significantly to existing knowledge.

The solid particles are from one of two sources, comets or asteroids.
Ninety percent of the particles found in space are estimated to be
of cometary origin.

The principal effect of the solid particles on space vehicles is not
structural failure but rather the degradation of the exposed surfaces,
particularly those of sensitive instrumentation. Mass-to-flux rela-
tionships obtained to date indicate that damage from puncture is
secondary to-the erosion hazard.
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Physical Characteristics

The solid matter landing on the earth falls into three categories:
the iron meteorites (densities 7—8 grams per cubic centimeter), the
more numerous stone meteorites (densities 3—4 grams per cubic
centimeter), and the ‘dust balls’ (densities 0.1-2.0 grams per cubic
centimeter.) Estimates of mean velocity with respect to the earth
range from 15 to 43 kilometers per second, with 30 kilometers per
second often used in computations when a single representative
value is requited. The preponderance of the solid particles is be-
lieved to be small (1—100 microns in diameter); particles in this
size range are collectively referred to as the interplanetary dust.
The bulk of the interplanetary dust is concentrated near the plane
of the ecliptic and the separate particles are, as is the earth, in
direct, rather than retrograde, orbit around the sun.

There is known to be considerable variation in the physical
parameters, There is a lower limit to size imposed by radiation
pressure from the sun which sweeps patticles smaller than about
one micron in diameter from the solar system. There is no definite
upper limit to size; bodies many miles in diameter are known to
exist. The lower limit to velocity, relative to the earth, is 11 kilo-
meters per second, the velocity acquired by a falling particle ini-
tially at rest with respect to the earth.! The upper limit, 72 kilo-
meters per second, is obtained by adding the earth’s orbital velocity
to the velocity a particle would need to escape the solar system
from an orbit about the sun at one astronomical unit.

Recent satellite experiments have been designed to measure the
solid particle flux (the number of encounters per unit area per unit
time) for particles too small to produce a meteor detectable by
visual, optical, or radar techniques. As shown in the introductory
figure, the measured flux of the smaller particles prove to be greater
than would be expected by extrapolation of the older data. Of par-
ticular interest, therefore, will be those future studies of the flux
in the yet unknown region between the two sets of data. Finally,
the introductory figure shows what is called the sporadic, or ave-
rage, particle flux. Meteor showers are a well known and often
occutring phenomenon and flux rates at a shower peak can rise to
values which are four or five times the sporadic rate.

The concentration of the greater bulk of the solid material, i.e.,
the interplanetary dust, in the plane of the ecliptic has been noted.
Deductions based on obsetvations of the zodiacal light indicate
that the dust concentration is highest near the sun and that the
concentration diminishes roughly in inverse proportion to the three
halves power of the distance from the sun. There is some evidence
that the concentration may be slightly elevated in the immediate
vicinity of the earth.

SOLID PARTICLES

TYPES AND DENSITIES

IRON 7-8 CM/CM®
STONE 34 GM/CM
DUST BALLS 1-2 cM/CM®

MEAN VELOCITY
30 KM/SEC

SIZE RANGE

1 MICRON TO MANY MILES

VELOCITY RANGE

11 KM/SEC — 72 KM/SEC

VARIATIONS

1) FLUX RATES 4 or 5 TIMES
HIGHER DURING METEOR
SHOWERS

2) CONCENTRATION IS HIGHER
BOTH IN THE PLANE OF THE

ECLIPTIC AND IN THE REGIONS

NEAR THE SUN

1 ; > . . . .
If any particles are trapped in geocentric orbits near the earth, the relative velocities may be as low as 8 km/sec.

EGO will attempt to detect particles in geocentric orbits.
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Particles with energies in excess of 10 mev are usually classed
as galactic cosmic radiation. Energies of some of these particles
are so high that their radius of curvature in the interplanetary mag-
netic field is of the same order of magnitude as the size of our
galaxy, thus ‘local’ origin is unlikely. Most of those observed,
however, presumably originate in our galaxy. The favored theory is
that the cosmic radiation is a byproduct of the reactions that lead to
a supernova. Theories have also been proposed which postulate
both a beginning, with lower energies, in surface eruptions from the
stars and then an acceleration process, depending on the magnetic
fields in space, to bring the particles to their observed high
energies.

Hydrogen nuclei constitute the greater percentage of the galac-
tic cosmic radiation. In order of decreasing abundance occur the
nuclei of helium; of the carbon, oxygen, nitrogen group; and of neon,
etc., to atomic numbers as high as 26 (iron) and the nuclei of the
boron, lithium, beryllium group. Electrons also occur as a minor
constituent. Because of the widely distributed sources aud the
long, curved pathways of these particles, the radiation as perceivea
at some point in space is essentially isotropic, i.e., equal inten-
sities are measured for any direction of observation. The galactic
particle flux in the near earth region lies between 1 and 3 particles
per square centimeter per second with the particle flux versus energy
spectrum beginning near 107 ev, rising rather abruptly to a peak flux
at 1 bev, and falling off with higher energy in approximate inverse
proportion to the energy raised to the 2.5 power.

Although the net result of the transit of galactic cosmic rays
through the magnetic fields of space is to produce evenly distributed
radiation, departures from the isotropic condition are to be expected
in regions dominated by strong ‘local’ magnetic fields. These fields
affect the number of particles reaching a point as well as the iso-
tropic distribution. The magnetic fields associated with the sun
thus tend to shield the earth from cosmic radiation. tending to bend
away particles which would otherwise proceed to the earth. There
is a result about a 3 to 1 change in cosmic ray intensity near the
earth over the solar cycle, with the intensities lower at the time of
solar maximum. Flare activity on the sun can in some cases in-
crease the magnetic field over a large region in space; when the
earth is included within such a region, cosmic ray intensities fall
(the phenomenon is known as the Forbush decrease) by a variable
factor which can be as high as 15 percent of the norm. Variations
in cosmic ray intensities as measured at the earth’s surface itself
include those in the near earth region with added complications due
to the presence of the earth’s atmosphere. At altitudes between 15
and 35 kilometers, the incoming primary cosmic particles hit and
shatter atoms in the air introducing a new phenomenon: a complex
distribution of less energetic secondary particles which shower down
to the earth’s surface. The flux of these secondary particles varies
with altitude, latitude, longitude, and solar activity.
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RADIATION

ENERGIES

10" — 10° ev

ORIGIN

UNIVERSE

COMPOSITION

NUCLEI OF:
H 85%
He 12%
C; N, O 1%
Ne and greater ~.25%
B, Li, Be ~.25%
ELECTRONS ~1-3%

FLUX

1-3 PARTICLES/CM*/SEC

VARIATIONS

1) 3 TO 1 CHANGE WITH
SOLAR CYCLE

2) AS HIGH AT 10% WITH
FLARE ACTIVITY

3) WITH PENETRATION INTO
THE ATMOSPHERE

4) WITH LATITUDE AND
LONGITUDE ON EARTH’S
SURFACE




Solar Wind and Solar Flares

Recent space experiments have shown that the solar atmosphere
extends in tenuous form as an jonized gas to distances beyond the
earth’s orbit and that two dynamic phenomena exhibited by this
atmosphere, the solar wind and solar flares, are of importance as
sources of particles which reach the near earth regions. The term
solar wind refers to the steady escape of ionized particles from the
sun, moving in radial paths as a result of processes not completely
understood but which have been conceived as a continuous expan-
sion of the solar atmosphere. Flare phenomena are abrupt, explosive
tuptures of tremendous energy in the visible solar surface which
result in increased electromagnetic radiation and in increased par-
ticulate radiation, largely protons, from the sun. Solar wind
particles are of low energy, but flare-ejected particles can reach the
high energies typical of the galactic cosmic rays.

The consensus is that the solar wind is a plasma, i.e., a neutral
assemblage of protons and €lectrons. Presumably the wind is con-
tinual. A wide variation exists in rePorted values for the particle
concentrations in the solar wind (10™ to 10* per cubic centimeter),
and in the velocities (10 * to 3 x 10° kilometers per second).
Explorer 10 measurements showed plasma densities from 6—20
protons per cubic centimeter and an energy spectrum peaked at 500

SOLAR PARTICLES

SOLAR WIND
CONCENTRATION:
10 PROTONS/CM®
VELOCITY:
500 KM/SEC
ENERGY:
1.5 KEV

SOLAR FLARES
VELOCITY:

TO NEAR LIGHT SPEED
ENERGY:

AS HIGH AS 10 BEV

N\

P

z

7

ev. Mariner 2 measurements gave an energy range from 750 to 2500
ev. The figure of 10 protons per cubic centimeter with a velocity of
500 kilometers per second (1.5 kev) was recommended in a recent
NASA summation as a quiet day value,

~ A
\ OFDER‘ED
MAGNETIC
X \
FIELD

Generally speaking, the earliest solar flare proton arrivals at a /

point in the near earth region show directionality since they have
been guided along a favorably configured magnetic field. Later
arriving protons tend to come from all directions, having traveled
over longer, more devious pathways or having been trapped within a
magnetic field configuration which favors an isotropic arrival pat-
tern. As these last statements imply, the magnetic field between
earth and sun is not a static field. Moving plasmas carry along the
magnetic fields with which they were originally associated; thus

the solar wind carries along a portion of the sun’s magnetism and
imposes a rough radial order on the interplanetary magnetic field
between sun and earth, A large portion of the complexities in solar
flare proton phenomena is believed due to the fact that flares, in
their early stages, increase the solar plasma emission sharply along
the line of a solar radius drawn through the flare. The field between
the earth and sun may, as a result of such plasma bursts, be made
even more favorable for proton propagation to the near earth region;
also, as pictured in the marginal drawing, the resulting field can
enhance an isotropic proton arrival pattern.

Flare phenomena are highly variable both because of the varying
magnetic field conditions hetween sun and earth and because of

variations in the processes within the sun that generate the particles,

It has been said that the most typical feature of flare phenomena is
their variability. Proton velo :ities can rise to near light speed dur-
ing a relativistic flare. Ene‘ ies of 1 mev to 1 bev are typical of
the non-relativistic flare particles and some major flares eject par-
ticles with energies as high as 10 bev, i.e., in the galactic cosmic
ray range,
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Trapped Radiation TRAPPED PARTICLE
MOTION

One of the earlier and more spectacular findings of the space
program was the discovery that the earth is surrounded by toroidal
shaped belts of energetic protons and electrons. These belts were
named the Van Allen Radiation Belts after their discoverer, James
Van Allen. Controversy still exists as to the ultimate source of the
Van Allen particles; theories postulating the sun and/or the earth’s
atmosphere have been proposed as sources. The trapping mechanism
is, on the other hand, well understood. Charged particles of proper
energy and direction entering the earth’s magnetic field are forced
into pathways that spiral around magnetic lines of force. Not all
particles spiral down to the surface or into the atmosphere along
these paths; for many, as the earth’s surf ace is approached, the
spiral flattens until the spiraling motion is actually reversed and
the particle spirals back to the other side of the earth. The spiral
again flattens, the motion is repeated, and the trapped particles
spiral back and forth from one hemisphere to the other. It should
be added that each loop of the spiral is ‘tighter’ on the side near-
est the earth and the cumulative effect of this is a drift in longi-
tude superimposed on the hemisphere-to-hemisphere motion.

The marginal figure shows counting rate contours for unshielded
geiger tubes in Pioneer 3 and Explorer 4 flown through the radia-
tion belts. The major features of the belts are easily identified.
Their contours follow the lines of the earth’s magnetic field with an
open region over both poles. There are two regions of concentra-
tion where the counting rate peaks--the one at 1% earth radii is
caused by fast-moving protons; the maximum at 3—4 earth radii is
due to energetic electrons. However, protons and electrons of COUNTING RATE
lower energy are known to penetrate the whole trapping region, and CONTOURS
the Van Allen region can be pictured as a region more or less homo-
geneous in character and populated by low energy electrons and
protons (10* kev) having roughly equal flux values of 107 particles
per square centimeter per second and energies of tens of thousands ) )
of electron volts. Superimposed on this steady background are two e \
regions where flux values are much lower and energies consider- N
ably higher. The innermost of these regions is the proton belt, -y AN \
which has a flux value of ~10® particles per square centimeter per :
second in the 10—100 mev range, with the flux value dropping
sharply at higher energies. The outermost of these regions consists

; Distance
(Earth Radii)

of high energy electrons which have a peak flux between 10° and 10°
particles per square centimeter per second for energies above 1 or

2 mev. Finally, a glance at the cover figure shows that while the
energy of Van Allen particles is between 10* and 10° electron volts
the number of particles is such that peak intensities within the belt
can be significantly higher than for solar flare particles or cosmic
rays.

5 6 7 '8

Protons
Of the two belts, the inner or proton belt is the more stable.

Flux in the outer zone can vary in less than a day by a factor of
ten or more, while flux in the lower zone has been observed to
require a year for a change of a factor of three. Electrons
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ELECTROMAGNETIC RADIATION

“lectromagnetic waves with wavelengths extending across the mea-
urable spectrum are an important factor in the interplanetary en-
ironment. Radiation occurs in the X-Ray, ultraviolet, visible and
nfrared regions and at radio frequencies.

he source of major importance in the near earth region is, of
Course, the sun. The total radiated energy (producing a flux of
D.140 watts per square centimeter at the earth’s mean distance)
s remarkably constant and largely concentrated in the visible region
f the spectrum. Variations of as much as a thousand fold in
intensity have been measured for the short wavelength solar emis-
ions, but the average level of the sun’s spectrum is relatively low
n this region and the short wavelength variations are a negligible
raction of the sun’s total output. The earth is a secondary source
of lesser importance. The earth reflects a portion of the sun’s
energy; absorption and reradiation also occur. The intensity of the
lectromagnetic radiation varies with distance from the source. The
pectral distribution changes only as the waves traverse different
media, notably the earth’s atmosphere.

here are several important effects. The human body is normally
shielded from ultraviolet radiations by the atmosphere and equiva-
lent shielding must be provided for manned missions. Increased
luminance in the visual region is a hazard to the unaided eye.
hermal radiations must be considered in achieving suitable tem-
peratures in vehicle interiors. Radio frequency energy is import-
ant when it manifests itself as noise in communication circuits.

e

ATMOSPHERE

SECTION W UNIT 5



Electromagnetic Radiation from the Sun

Solar radiation in the ultraviolet and X-ray regions constitutes only .2 percent of the sun’s
total emission. Flux levels are low and, with one or two exceptions, lie between .001 - .0001
microwatts per square centimeter in a one-angstrom band. In contrast to other regions of the
solar spectrum, this region has strong emissions at particular wavelengths; the strongest
(Lyman alpha) having a flux value of about .1 microwatts per square centimeter in a one-angstrom

The ultraviolet and X-ray emission from the sun consists of both a continuous spectrum and
a line spectrum typical of highly ionized atoms. Since this radiation does not penetrate the at-
mosphere, the X-ray and ultraviolet region is not well known and is the concem of continuing
rocket and satellite experiments.

Some inconsistencies still exist in measurements of flux values and the complete story on
variation with time is not yet available. Ten-fold variation in the region below 140 angstroms
has been observed to be correlated with the solar cycle, and significant variations accompany
solar flare activity. Flare variations tend to take the form of enhancements of the very short
wavelengths, wavelengths as short as 0.2 angstrom having been briefly observed. Current Or-
biting Solar Observatory experiments are concerned with long-time study of both spectral lines
and the continuous spectrum; preliminary results from OSO I indicate a 15 percent enhancement
for the 304 angstrom line and a 28 percent enhancement for the 284 angstrom line during a class
2 plus solar flare,

the sun’s photosphere, Numerous absorption lines and bands appear as a result of selective ab-
sorption by various constituents of the solar and terrestrial atmospheres.- The terrestrial atmos-
pheric constituents which give rise to the so-called telluric absorption lines and bands in the

spectrum are well known and various techniques exist for predicting the solar spectrum at inter-
mediate altitudes.

Since the visible and infrared waves carty a large percentage (99%) of the emitted solar
energy, total flux values for these spectral regions are well approximated by the tabulated solar

Solar radio waves are observed from the upper limit of the infrared waves to waves of 20 to
30 meters length. Longer waves do not penetrate to the earth’s surface through the ionosphere,

The steady state flux at the mean earth-sun distance is low and falls off with increasing wave-
length.

Radio waves are emitted from solar regions lying above the photosphere with the shorter
waves radiating from the level of the chromosphere and the longer waves from the corona, or
outer solar atmosphere. The temperature of the equivalent black body is thus considerably
higher than for the visible wave emission from the cooler photosphere.

The radio wave flux values are low except when certain solar flares occur. Levels can then
increase by as much as a millionfold at the long wavelengths. Not a]l wavelengths are equally
affected and the duration of the effect js variable, sometimes lasting more than a day. These
transient effects are strong enough to produce severe interfering noise in communication circuits.
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RADIATION FROM

Electromagnetic Radiation from the Earth FARTH

Radiant energy from the sun is in part reflected from the earth;
also a fraction of the solar energy absorbed is reradiated in a FLUX
continuous spectrum in the infrared. There are atmospheric absorp-
tion bands and an atmospheric window in this spectral region so that
reradiation from the earth is in part from the earth’s surface_through
the window (8 to 12 microns) and in part from the atmosphere. Reflec-
tion of solar radiation produces the greater fraction of the reversed
flux in the .2 to 6 micron region.

(Times 10 * wates /em 2/miz:ron)

288°K Black Body

The fraction of the solar energy reflected into space is known as ||
the albedo, and direct measurements have been made of this quantity
by the Tiros satellites. Reported reflectance values range from a low
of 7 percent over the tropical Atlantic to a high of 55 percent over a
dense overcast above the East Central United States.

Radiation from
Earth and

Atmo sphere

The black body radiation from the earth in the 8 to 30 micron
range has a peak near 10 microns with 288 degrees Kelvin black body
radiation used as an approximation to the radiation from the surface

218° Black Body

\

and a 218 degrees Kelvin model for those spectral regions where the S \\
atmosphere is opaque. Tiros data show that in most cases the < ‘/5# ' AN
equivalent black body temperature for the window region corresponds / Do \\
closely to the temperature of the earth’s surface. e - )

The solar reflected energy input to an orbiting vehicle can be 110 - ;0 ;0
expected to be quite variable and to depend on the nature of the WAVELENGTHS (MICRONS
surface and the cloud cover underneath. Variations in albedo and f )
equivalent black body temperatures have already been noted. Pre-
cise determinations of the total input energy, both reflected and VARIATIONS
radiated, require a knowledge of the vehicle’s altitude and its

) 1 7--55%
orientation with respect to that portion of the earth’s surface which ) WITH ALBEDO (RANCE /
is being illuminated by the sun. 2) WITH VEHICLE POSITION AND
ORIENTATION
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MAGNETIC FIELDS

Magnetic fields at the surface of the earth, in the atmosphere, and
extending outward into space through the earth’s magnetosphere are
mainly a consequence of complex electrical current systems within
the metallic core of the earth. Beyond the magnetosphere there is
a region containing a highly irregular field; beyond this transition
region is the interplanetary magnetic field, the characteristics of
which are related in a complex way to equally complex solat phenomena.

Since the magnetic field strengths in space are small, their effect
on electronic equipment is generally minor. Thus adverse effects
of the ambient field upon instrumentation can usually be negated by
proper design or adequate shielding. Other magnetic effects in space
include damping of spacecraft spin rates and creation of torques
which might affect spacecraft orientation. Magnetic fields also re-
sult in the concentration of charged particles either in belts near
the earth or within solar-flare ejected plasma clouds; and the flux
and energy of these magnetically trapped particles is sufficient to
present a definite hazard to space missions.
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Earth’s Magnetic

Although the
irregular, it can,
netic dipole loca

percent per year,

Field

magnetic field at the surface of the earth is highly
in general, be conceived ag resulting from a mag-
ted near the center of the earth. The total Strength

Extraterrestria] phenomena are alse responsible for changes in
the magnetic field on the earth’s surface, These variations are of
shott duration and have been observed to be related to solar dis.-

intensities ptevai

as to diurna], Seasonal, and solar cycles. Dura-

ling for altitudes below S earth radji.
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EXTENT

FROM 10 EARTH RADII IN THE
DIRECTION OF THE SUN TO
OVER 20 RADII IN OPPOSITE
DIRECTION

STRENGTH

BETWEEN .25 AND 0.7 GAUSS AT
SURFACE

ANOMALIES AND

VARIATIONS

1. CAUSED By CRUSTAL DEPOSITS

2. BY CHANGES IN THE EARTH’S
INTERNAL CURRENT SYSTEM

3. SOLAR ACTIVITY AND CYCLES

4. DIURNAL CHANGES OF 45
MUCH AS 200 GAMMA

5. CHANGES OF 2000 GAMMA DURING
MAGNETIC STORMS

6. EXTRAPOLATIONS OF SURFACE
FIELD ARE GOOD TO
APPROXIMATELY 5 EARTH
RADII




The Interplanetary Magnetic Field

At about 10 to 15 earth radii in the direction of the sun and to
greater distances in the direction away from the sun, between the
magnetosphere and the interplanetary magnetic field, there appears
to be a turbulent transition field. Here, extreme variations are pre-
sent in both the strength and direction of the magnetic field vector
as a result of interaction between the magnetosphere and the mag-
netic field carried along by charged particles emitted from the sun.
Beyond the transition region in all directions the magnetic fields
associated with the solar particles become predominant. In these
fields there is a continual component from the solar particle emis-
sion (the solar wind) which extends the solar magnetic field into
interplanetary regions. There is also an important but irregular
component related to the increased particle emission that accom-
panies solar flare activity. In the absence of flare activity, the
interplanetary magnetic field immediately beyond the transition field
has intensities on the order of 5 to 15 gamma (Explorer 10). Varia-
tions in the interplanetary field due to flares can increase intensi-
ties by as much as five times.

Furthermore, under solar flare conditions, solar magnetic
effects penetrate more deeply into the earth’s magnetosphere,
affect the degree of ionization in the ionosphere, and cause mag-
netic storms at the earth’s surface.
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INTRODUCTION

The ability of a spacecraft to perform its designated mission depends, to a large extent,
on its ability to survive the launch environments. Induced environments which critically in-
fluence spacecraft design are vibration, acoustic noise, shock, and acceleration. These
environments occur primarily in combination at particular times in the launch phase.

The magnitude of the spacecraft environments are dependent on the characteristics of
the launch vehicle used; that is, the vehicle thrust and distance of spacecraft from booster
rocket engines. Thrust to weight ratio, spacecraft weight, free stream dynamic pressure,
and the type of protective shroud also influence the magnitude of the induced shock, vibra-
tion, acoustic noise, and acceleration environments.

Vibration and acoustic environments are generally most severe at liftoff, during the
transonic period, and during the maximum dynamic pressure period of the vehicle flight.
Shock and acceleration environments are often severe at liftoff, staging, shroud ejection,
and spacecraft separation.

Normally the structural designer requires the magnitudes and characteristics of these
environments prior to spacecraft design. Furthermore, these data form the basis for devel-

opment of realistic specifications for testing spacecraft and spacecraft components,

It is the intent of this section to present the nature and characteristics of these dynamic
environments for current generation spacecraft.
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VIBRATION

The spacecraft receives vibration through mechanical and acoustical paths. Acousti-
cally induced vibrations stem from the booster rocket engine noise and the aerodynamic
boundary layer pressure fluctuations. Mechanically induced vibrations result from rocket
engine thrust variation, resonant burning of upper stage solid propellant rockets, and
apogee rocket motors.

Acoustically Induced Vibration

Acoustically induced vibrations occur mainly in the frequency spectrum above 100 cps.
These vibrations are characteristically broad band random and have high levels in fre-
quencies up to several thousand cycles per second. Occasional ‘‘periodicities’’may appear
because of structural resonances in lightly damped structures. Generally speaking, the
spacecraft vibration level above 100 cps is directly proportional to the acoustic sound
pressure level.

Accoustically induced vibration data is presented in terms of power spectral density,
g2/cps, versus frequency since it is pre-
dominantly random. Figure 1 presents

typical acoustic vibration spectral (Ref, 1). T

- g2 eps

Liftoff

Figure 2 shows typical vibration time
histories where the RMS vibration level is

Vibration levei

3 3 3 s H i 1 1 i 1 1 | 1 1 1
plotted against flight time. The vibration o e e e e e s
levels are severe at liftoff because of Frequency - cps
booster rocket engine noise and decrease Figure |, “ibrotion Level Due 1o Avrodyramic Noise Prior to Transonic Buffer -~ THOR AVT

rapidly shortly thereafter. This phenome-
non occurs for several reasons, Just
before liftoff the rocket engine is up to Mo
full thrust, and the flame deflector de-
flects the exhaust 90 degrees. Since the
noise sources are distributed along the
exhaust stream, they are closer to the
spacecraft and result in higher vibration
levels at liftoff than when the vehicle is
airborne. In addition, ground reflection
influences the noise level and the re-

sultant spacecraft vibration levels at
liftoff,

Transonic Buffet Induced “ibration

/ tevel Varies With Nose Tonfiguration

Vibration Level - grms

Boundary Layer Noise
Induced Vibration

Flight

" L
&0 70 BO by G0 e

The spacecraft vibration level de- Flight Time-fecond:
creases rapidly just after liftoff. Then,
as the vehicle gains speed, aerodynamic noise becomes the predominant source of space-
craft vibration, and, in general, the vibration level increases with time and as a function of
the free stream dynamic pressure, q. The lower shaded area of Figure 2 shows that the

spacecraft vibration level is maximum when q is maximum, and then approaches zero as the

Figure 2. Typical Time History of Spocecsaft \ibration tevels

Ipata from Application Vertical Test (AVT) launch with modified Thor in Echo Program.
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vehicle leaves the earth’s atmosphere. The vibration level in the transonic-maximum q
period of the vehicle trajectory is highly dependent on the payload shape. If the payload is
of a streamlined, aerodynamically ‘‘clean’’ shape, the vibration levels are generally equal to
or less than those experienced at launch. However, if the nose does not have a smooth con-
figuration, extreme vibration levels will occur during the transonic and maximum q periods
of flight. This situation is particularly true of the bulbous payload shape and shapes con-
sisting of large blunted cone angles. Vibration levels on the order of 5 times the launch
levels have been measured (Ref.1). The upper shaded area of Figure 2 shows a typical
time-history. Sometimes separate peaks show up for the Mach 1 and the maximum q periods
of flight.

Mechanically Induced Periodic Vibration

Spacecraft vibrations induced by mechanical means occur mainly in low frequencies.
The significant vibrations generally involve the vehicle modal responses and are excited
primarily by booster engine thrust perturbations.

Since vibration data usually have sinusoidal characteristics, passage of the raw data
through narrow band filters gives a presentation in terms of peak g versus frequency. When
sufficient data are available, statistical analysis makes possible the establishment of vi-
bration levels in the low frequency portion of the vibration specification.

The two types of fuel used by launch vehicles, liquid and solid, produce differing
vibrations.

Liquid Propellant Vehicles

Virtually every large liquid rocket developed by the United States has experienced some
form of vibrational instability. Measurements have shown high level longitudinal vibrations
on Thor/Agena, Jupiter, Titan I and Titan II boosters. A coupled longitudinal instability
on Titan II was of particular concern because of its possible effect on the country’s space
flight program (Ref. 2). In this case a strong axial vibration of the vehicle’s entire struc-
ture occurred late in the first stage flight. The vibration apparently resulted from a re-
generative feedback interaction between the vehicle’s propulsion system and structural
system. The insertion of simple hydraulic suppression devices into Stage I propellant feed
lines solved the problem on Titan II. Reference 2 delineates this program, which has ap-
plication to all liquid propellant vehicles.

The Thor-Agena B vehicle experiences this same longitudinal instability phenomenon
(Reference 3). The vibration appears at about 30 seconds before main engine cutoff at a
frequency of 17 cps and peaks at a level of approximately :3 g at a frequency of 20 cps.

Solid Propellant Vehicles

Solid rocket motors often induce high frequency oscillations which result from a combina-
tion of the acoustical characteristics of the combustion chamber and the fuel’s burning
properties. Several modes occur simultaneously with frequencies ranging from several hun-
dred to several thousand cycles per second. The X-248 solid rocket (a small upper stage
rocket) has been a primary offender in this category, producing extremely high spacecraft
vibration levels, characteristically sinusoidal or combinations of several sinusoidals (Ref.
13). Current upper stage solid rockets (like X-258) produce a much less severe vibration
environment because of design improvements (Ref. 4).
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ACOUSTIC FORCES

As stated in the section on vibration, there are two primary sources of noise which affect
the spacecraft., The spacecraft receives
high level noise from the launch vehicle Mach 1 Max.q
engine and from aerodynamic boundary |
layer pressure fluctuations. Both are po-
tential sources of structural fatigue and

malfunctions. Figure 3 represents a wr Note: Levels intermol 1o Shroud Are

typical time—history of the spacecraft noise 155 b 10 40 20 db Less. internal Levels
. Depend on Shroud Construction

environment. It follows the same general 10 b pene o Shrovd Somtrect

shape as the vibration environment and
graphically demonstrates the fact that the
random vibration results mainly from
acoustic sources. 135

Sound Pressure Level - db

Launch Vehicle Engine

|
I
|
|
i
At liftoff the rocket engine noise is I
maximum. The sources of noise associ-
ated with the rocket exhaust are down-
stream from the nozzle exit plane. The
noise is broadband random in nature and
has maximum strength at an angle of 50
degrees from the direction of the exhaust.
The frequency spectrum peak is a function 1o
of the exhaust nozzle diameter and the jet
exit velocity. Total acoustic power radi-
ated is between 0.5 and 1 percent of the
mechanical exhaust stream power. Thor,
Atlas, and Titan class boosters generate

120 1 i L Il i
¢ 10 20 30 40 50 60 70 80 % 100 110

Flight Time = Seconds

Figure 2. Tyoical Time History af Txternat Acoustic |evels

i Aerodynamic Noise ot Mox. q

130+

125+

Sound Pressure Level - db

er

on the order of 107 watts acoustic power, nsf-
Typical sound pressure levels along the o L
vehicle surface at liftoff vary from 160 db 20075 150 300 400 1200 2400 4800

75 150 300 600 1200 2400 4800 9600

at the base to 140 db at the spacecraft.

A few seconds after the vehicle is airborne,
these levels drop by 15 to 20 db. This re- .
duction results mainly from the change in direction of the noise as the exhaust jet turns
from 90° off the vehicle’s longitudinal axis to directly behind the vehicle. Figure 4 shows
a typical octave band spectrum external to the spacecraft shroud.

Frequency - Octove Band cps

Figure 4, Typical Octave Spectro External to Spacraft - Shroud

Aerodynamic Noise

As the vchicle gains speed, the aerodynamic noise becomes predominant and is most

significant during the transonic and supersonic periods of flight. Transonic and maximum
dynamic noise levels are a function of shroud configuration and the dynamic pressure.
When streamlined, aerodynamic nose shapes are used, the noise level is generated by the
the attached boundary layer and the acoustic pressure is approximately 0.5% of the free
stream dynamic pressure, This relationship holds true in the subsonic low supersonic
range according to some recent data obtained on the Scout vehicle (Ref. 5). Figure 3 de-
picts the time history of this relationship. Figure 4 shows a typical boundary layer noise
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spectrum at low supersonic flight maximum q. Note that the spectrum is flat up to 4000 cps
and then rolls off. (A flat spectrum plotted on an octave band basis has a 3 db/octave
slope). The peak in the octave band frequency spectrum occurs at higher frequencies as the
Mach number increases,

Shroud Configuration Effects

When non-streamlined aerodynamic shapes are encountered (e.g. like bulbous shrouds),
flow separation occurs. This phenomenon occurs at area and shape transition sections
where cone and cylinder sections must meet; the larger the cone angle the more severe the
separated flow. Simular situations occur for flow over protuberances and on surfaces at a
very high angle of attack. Flow separation results in certain distinctive phenomena. Maxi-
mum pressure fluctuations occur during transonic flight, and the energy is contained pre-
dominantly in the low and mid-frequency octave bands. Hence, the term transonic buffet has
been employed in many instances, References 6, 7, 8, and 9 contain an abundance of wind
tunnel data on various rocket-payload shapes. These reports disclose, in general, that the
sound pressure level ranges from 1 to 20 percent of the free stream dynamic pressure; this
is 6 db to 30 db higher than the boundary layer noise for the same q. Levels as high as 170
db can be experienced locally. More flight noise measurements are needed to verify these
wind tunnel data. In addition, much must be learned about the spatial correlation properties
of the pressures over the vehicle surface on a full scale basis. More information of this
nature, plus structural response data, is required so that proper simulation of these noise
sourtces can be accomplished in the laboratory.

TRANSIENT LOADS

On a spacecraft, booster engine ignition, booster engine cut-off, stage separation, upper
stage ignition and cut off, payload shroud ejection, and payload separation all impose shock
loads. These are generally high level dynamic loads. Since they are transient, the result-
ant responses are those characteristic of the vehicle modes of vibration at the time the
transient load occurs.

Low Frequency

Transient longitudinal vehicle vibrations occur at liftoff. Figure 5 depicts a typical de-
caying sinusoidal vibration induced by
the rapid thrust buildup and vehicle re- Liftof 10 sec 20 sec
lease at liftoff. At booster cut-off the 2 | —

spacecraft experiences similar transients, AM“A
The spacecraft experiences similar phe- 0 Y VVV‘F Wﬂ"_
nomena as upper stages ignite and cut- 2

off; obviously the modes of response are Composite Signal = 1000 cps Low Pass Filter

different since the vehicle configuration

changes each time staging occurs. ,
2 )
o RAM A AAANA AR AAN A 5 A AARAAAAA Achoromaon———
A 'Vuvvvvvvvvvvvv LA'A AR AA A A A
Data from various Atlas boosted ve- -29
hicles, particularly Ranger 5, indicate Vibration (16cps) Through o Narrow Band Filter
the existence of a transient torsional os- Figure 5. Typical Thrust Axis Vitration at Liftoff

cillation of 68 cps at the time of booster
engine cut-off and sustainer engine cut-off events (Ref. 10). This oscillation is believed
to result from combustion chamber pressure fluctuations. Two of the possible causes for
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these pressure fluctuations are: (1) coupling between one of the natural torsional modes of
the vehicle and the thrust pertubations as in the case of the 20 cps longitudinal oscilla-
tions occurring in the Thor boosted vehicles (In this instance, the frequency of the driving
torque would coincide with the vehicle frequency nearest 68 cps); (2) either random or
periodic combustion chamber pressure fluctuations attributable to the combustion process
(In this case, the driving torque would always be 68 cps for all vehicles).

These transient longitudinal and torsional vibrations dictate, in part, the low frequency
test specification levels,

High Frequency

Of the various shock sources, pyrotechnic devices, used in fairing separation and
spacecraft-vehicle separation, generate the most severe shocks for local structures and
components of the spacecraft. A shaped charge generally accomplishes fairing, separation;
and explosive nuts usually accomplish vehicle-spacecraft separation.

The general characteristics of these shocks are that the shock is of a very short dura-
tion (less than one millisecond) and of a very high intensity (on the order of 1000g). Re-
sults of ground tests indicate that as the shock travels through the structure; it attenuates
significantly with distance (Ref’s. 11 and 12). Generally speaking the attenuation with
distance follows the inverse square law.

Figure 6 shows typical shock response spectra near source (Ref. 11). These spectra
describe the peak response of resonant
patts located on the structure to the shock Shock Spectrum of o
input., The abscissa represents the reso- Holf Sine Pulse
nant frequency of such parts. 0o

To date, there have been few space-
craft failures reported which can be
directly attributed to these high level
short duration shocks. However, Ref. 12
indicates that components, such as re-
lays, chatter or change contact position,
when subjected to these loads. These L : A

Typical Shock Spectrum
1000 -

Acceleration - g

. . 1000 2000 3000
loads should certainly be considered and .
R R Frequency - cps
govern, in part, the choice of spacecraft
Figure 6. Typical Shock Spectrum Near Charge Due
Components. to Explosion of Pyrotechnic Devices
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ACCELERATION

Thrust Acceleration

Figure 7 shows the envelope of maximum longitudinal acceleration experienced by un-
manned spacecraft during the launch phase.
Ref. 13 is the source of information on 0
various launch vehicle acceleration pro-
files. Plotting of data from sounding
tockets, and Scout, Delta, Thor-Agena,
Atlas-Agena, and Centaur resulted in
these curves, Figure 7 also presents
estimated accelerations for future NASA
launch vehicles like Saturn, Nova,
Titan II and Titan III and of anticipated
developments in solid and liquid rocket 0
engines,

Sounding Pockets
ol

-

Accelention - o

Future Soocecraft
Lounch Vehicles ‘Estimoted)
Present Spacecrakt

Figure 8 and 9 show acceleration time
histories for a Thor-Agena B launch ve- ) ) X
hicle with 1000 pound spacecraft and an Gl 100 1000 5000
Aerobee 300A sounding rocket with a foriosd i Fen
60 1b payload. The typical increase of
acceleration with loss of fuel and the
interruption from staging are evident,

Figure 7. fnvelope of Sounding Focket and Spacecraft Maximum Acceleration During lounch Phase

o 10
The Agena 1l-lustrates thfe unusual case s : Agers Second Buming
of a long period of coasting flight, fol- g,
.. :
lowed by a second firing of the rocket iz
A r A i A L 2 i
engines. 0 10 2 3% 40 s 7 3100 320
Time From Liftoff - Secands
. - - Figure 8, Thor-Agenc B
Accelerations in the lateral direc-
tions during the launch phase are very
low, normally less than 1.0 g.
o &0
Spin Acceleration £ a0
o
o
Those spacecraft which spin during $ 2
the launch phase experience radial ac- < - . A . ) L
1 1
celeration, proportional to the spin rate 0 1o 20 30 40 0 60 70 80
and radius. This acceleration may oc- Time From Liftoff - Seconds
cur in conjunction with high longitudinal Figure 9. Aerobee 300 A

accelerations and vibration environments. )

Most sounding rockets have spin rates up to 300 to 600 rpm for payloads up to 300 lbs.
(Ref. 13). Spacecraft up to the 500-600 1b, range on the Scout and Delta launch vehicles
have spin rates of 150 to 180 rpm during last stage burning.
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INTRODUCTION

This Glossary consists in part of selections from the NASA Dictionary of Space Terms
(scheduled for publication in late 1962). In addition it contains terms especially applicable
to environmental testing of spacecraft and spacecraft subsystems and components.

The Glossary has two purposes. It has the general purpose of providing a reference
book for common space terms as well as for definitions which particularly apply to
environmental test and evaluation activities. In this function it should be of considerable
assistance in the orientation of new members of the Division.

The Glossary has the specific purpose of providing standardized definitions of
terms, commonly used in specifications, reports, and memoranda which originate in the
Test and Evaluation Division. By having a common reference book of terms available,
it is believed that the task of achieving consistent terminology in Test and Evaluation
Division publications will be facilitated.
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GLOSSARY

Ablating Material. — A material designed to dissipate heat by vaporizing or melting.

Ablating materials are used on the surfaces of some reentry vehicles. Ablating materials absorb heat by
increase in temperature and change in chemical or physical state. The heat is carried away from the surface
by a loss of mass (liquid or vapor). The departing mass also blocks part of the convective heat transfer to
the remaining material,

Ablation. ~ The removal of surface material from a body by vapcrization, melting, or other
process; specifically the intentional removal of material from a nose cone or spacecraft
during high-speed movement through a planetary atmosphere to provide'thermal protection
to the underlying structure. See Ablating Material.

Abort.— To cancel or cut short a flight, especially because of equipment failure.

Absolute Altitude. — Altitude above the actual surface of a planet or natural satellite,
either land or water.

Absolute Pressure. — In engineering literature, a term used to indicate pressure above the

absolute zero value corresponding to empty space as distinguished from ‘gage pressure’.

In vacuum technology, ‘pressure’ always corresponds to absolute pressure, and there-
fore the term ‘absolute pressure’ is not required.

Absolute Temperature. — Temperature value relative to absolute zero.
Absolute Zero. — The theoretical temperature at which all molecular motion ceases.

‘Absolute zero® may be interpreted as the temperature at which the volume of a perfect gas vanishes, or
more generally as the temperature of the cold source which would render a Carnot cycle 100 percent efficient.
Tge value of absolute zero is now estimated to be —273.16°Celsius (Centigrade), —459.69° Fahrenheit,
0~ Rankine.

Absorption. — The process in which incident electromagnetic radiation is retained by a
substance. A further process always results from absorption: that is, the irreversible
conversion of the absorbed radiation into some other form of energy within and according
to the nature of the absorbing medium. The absorbing medium itself may emit radiation,
but only after an energy conversion has occurred.

Acceleration. — The rate of change of velocity.
Decrease in velocity is sometimes called *negative acceleration® or ‘deceleration’.

Accelerometer. — An instrument which measures acceleration or gravitational forces capable
of imparting acceleration.

An accelerometer usually uses a concentrated mass (seismic mass) which resisis movement becanse of
its inertia. The displacement of the seismic mass relative to its supporting frame or container is used as a
measure of acceleration.

Acceptance. — The act of an authorized representative of the government by which the
government assents to ownership by it of existing and identified articles, or approves



specific services rendered as partial or complete petformance of the contract.

Access Time. — Of a computer, the time required under specified conditions to transfer
information to or from storage, including the time required to communicate with the
storage location.

Accumulator. — A device or apparatus that accumulates or stores up, as: 1. A contrivance
is a hydraulic system that stores fluid under pressure. 2. A device sometimes incorporated
in the fuel system of a gas-turbine engine to store up and release fuel under pressure as
an aid in starting.

Acoustic Excitation. — Process of inducing vibration in a structure by exposure to sound
waves.

Acoustic Generator. — Transducer which converts electric, mechanical, or other forms of
energy into sound.

Acoustic Velocity. — The speed of propagation of sound waves. Also called ‘speed of
sound’.

Acquisition. — 1. The process of locating the orbit of a satellite or trajectory of a space
probe so that tracking or telemetry data can be gathered. 2. The process of pointing
an antenna or telescope so that it is properly oriented to allow gathering of tracking or
telemetry data from a satellite or space probe.

Actinic. — Pertaining to electromagnetic radiation capable of initiating photochemical
reactions, as in photography or the fading of pigments.

Because of the particularly strong action of ultraviolet radiation on photochemical processes, the term
has come to be almost synonymous with ultraviolet, as in ‘actinic rays”’.

Active. — Transmitting a signal, as ‘active satellite,’ in contrast to ‘passive’.

Aerodynamic Vehicle. — A device, such as an airplane, glider, etc., capable of flight only
within a sensible atmosphere and relying on aerodynamic forces to maintain flight.

This term is used when the context calls for discrimination from ‘space vehicle’.

Aeronomy. — 1. The study of the upper regions of the atmosphere where physical and
chemical reactions due to solar radiation take place. 2. Science dealing with theories
of planetary atmospheres.

Aeropause. — A region of indeterminate limits in the upper atmosphere, considered as a
boundary or transition region between the denser portion of the atmosphere and space.

From a functional point of view, it is considered to be that region in which the atmosphere is so tenuous
as to have a negligible, or almost negligible, effect on men and aircraft, and in which the physiological
requirements of man become increasingly important in the design of aircraft and auxiliary equipment.

Aerospace. — (From aeronautics and space.) Of or pertaining to both the earth’s atmosphere
and space, as in ‘aerospace industries’.




Aerothermodynamic Border. — An altitude at about 100 miles, above which the atmosphere
is so rarefied that the motion of an object through it at high speeds generates no signif-
icant surface heat.

Aerothermodynamics. ~ The study of the aerodynamic and thermodynamic problems connected
with aerodynamic heating.

Afterbody. — 1. A companion body that trails a satellite. 2. A section or piece of a
rocket or missile that reenters the atmosphere unprotected behind the nosecone or other
body that is protected for reentry. 3. The aft part of a vehicle.

Agravic. ~ Of or pertaining to a condition of no gravitation. See Weightlessness.

Airglow. — The quasi-steady radiant emission from the upper atmosphere as distinguished

from the sporadic emission of the aurorae.

Airglow is a chemiluminescence due primarily to the emission of the molecules Op
and N9, the radical OH, and the atoms O and Na. It may be due to released latent energy
from energy stored during daylight. Emissions observed in airglow could arise from
3-body atom collisions forming molecules, from 2-body reactions between atoms and
molecules, or from recombination of ions.

Historically ‘airglow’ has referred to visual radiation. Some recent studies use ‘air-
glow’ to refer to radiation outside the visual range.

Air Sounding. -~ The act of measuring atmospheric phenomena or determining atmospheric
conditions at altitude, especially by means of apparatus carried by balloons or rockets.

Albedo. — The ratio of the amount of electromagnetic radiation reflected by a body to the
amount incident upon it, commonly expressed as a percentage. Compare Bond albedo.
The albedo is to be distinguished from the reflectivity, which refers to one specific
wavelength (monochromatic radiation).
Usage varies somewhat with regard to the exact wavelength interval implied in albedo
figures; sometimes just the visible portion of the spectrum is considered, sometimes the
totality of wavelengths in the solar spectrum.

Alpha Particle. — (Symbol 2He4.) A positively charged particle emitted from the nuclei
of certain atoms during radioactive disintegration. The alpha particle has an atomic
weight of 4 and a positive charge equal in magnitude to 2 electronic charges; hence it
is essentially a helium nucleus (helium atom stripped of its two planetary electrons).

Alpha particles are important in atmospheric electricity as one of the agents responsible

for atmospheric ionization. Minute quantities of radioactive materials such as radium,
present in almost all soils and rocks, emit alpha particles and those which enter the
surface air layer produce large numbers of ions along their short air paths. Alpha par-
ticles of average energy have a range of only a few centimeters in air, so radioactive
matter in the earth cannot directly ionize the air above a height of a fraction of a meter.
On the other hand, certain radioactive gases, such as radon and thoron, may be carried
to heights of several kilometers (after initial formation during a radioactive disintegration
of atoms of soil or rock matter) before emitting characteristic alpha particles which can
then ionize air in the free atmosphere. The high density of ion pairs produced along the
track of an alpha particle favors very rapid recombination (columnar recombination) that
greatly reduces the effective ionization produced by these particles.
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Ambient. — Specifically, pertaining to the environment about a flying aircraft or other body
but undisturbed or unaffected by it, as in ‘ambient air’, or ‘ambient temperature’.

Amplidyne. — A special type of dc generator used as a power amplifier, in which the output
voltage responds to changes in field excitation; used extensively in servo systems.

Anclog Computer. — A computing machine that works on the principle of measuring, as
distinguished from counting, in which the input data are made analogous to a measurement
continuum, such as voltages, linear lengths, resistances, light intensities, etc., which
can be manipulated by the computer.

Analog computers range from the relatively simple devices of the slide rule or airspeed indicator to
complicated electrical machines used for solving mathematical problems.

Anechoic Chamber. — An enclosure in which a sound field can be established without
objectionable interference from sound reflections at its boundaries. Contrast with
reverberation chamber.

Angstrom. — A unit of length, used chiefly in expressing short wavelengths. Ten billion
angstroms equal one meter.

Anomalistic Period. — The interval between two successive perigee passes of a satellite
in orbit about a primary. Also called ‘perigee-to-perigee period.’

Anomaly. — 1. In general, a deviation from the norm. 2. In geodesy, a deviation of an
observed value from a theoretical value, due to an abnormality in the observed quantity.
3. In celestial mechanics, the angle between the radius vector to an orbiting body from
its primary (the focus of the orbital ellipse) and the line of apsides of the orbit, measured
to the direction of travel, from the point of closest approach to the primary (perifocus).

The term defined above is usually called ‘true anomaly’, v, to distinguish it from the
eccentric anomaly, E, which is measured at the center of the orbital ellipse, or from the
mean anomaly, M, which is what the true anomaly would become if the orbiting body had
a uniform angular motion.

Aphelion. — That orbital point farthest from the sun when the sun is the center of attrac-
tion. That point nearest the sun is called ‘perihelion’.
The aphelion of the earth is 1.520 x 1018 cm from the sun.

Apogee. — In an orbit about the earth, the point at which the satellite is farthest from the
earth; the highest altitude reached by a sounding rocket.

Apogee Rocket. — A rocket attached to a satellite or spacecraft designed to fire when the
craft is at apogee, the point farthest from the earth in orbit. The effect of the apogee
rocket is to establish a new orbit farther from the earth or to allow the craft to escape
from earth orbit.

Arago Point. — One of the three commonly detectable points along the vertical circle
through the sun at which the degree of polarization of skylight goes to zero; a neutral
point.

The Arago point, so named for its discoverer, is customarily located at about 20°
above the antisolar point; but it lies at higher elevations in turbid air. The latter
property makes the Arago distance a useful measure of atmospheric turbidity. Meas-
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urements of the location of this neutral point are typically more easily carried out than
measurements of the Babinet point and the Brewster point, both of which lie so close to
the sun (about 20° above and below the sun, respectively) that glare problems become
serious.

Arc-Jet Engine. — A type of electrical rocket engine in which the propellant gas is heated
by passing through an electric arc.

Article. — A unit of hardware or any portion thereof required by the contract.

Artificial Antenna. — A device which has the equivalent impedance characteristics of an
antenna and the necessary power-handling capabilities, but which does not radiate nor
intercept radiofrequency energy. Also called ‘dummy antenna’.

Artificial Gravity. — A simulated gravity established within a space vehicle, as by rotating
a cabin about an axis of a spacecraft, the centrifugal force generated being similar to
the force of gravity.

Assembly. — An element of a component consisting of parts and/or subassemblies which
performs functions necessary to the operation of the component as a whole. Examples
are: pulsing networks, gyro assembly, oscillator assembly, etc.

Asteroid. — One of the many small celestial bodies revolving around the sun, most of the
otbits being between those of Mars and Jupiter. Also called ‘planetoid’, ‘minor planet’.
See Planet.

The term *minor planet’ is preferred by many astronomers but *asteroid® continues to be used in astronom-
ical literature, especially attributively, as in ‘asteroid belt’,

Astro. — A prefix meaning ‘star’ or ‘stars’ and, by extension, sometimes used as the
equivalent of ‘celestial’, as in astronautics.

Astroballistics. = The study of the phenomena arising out of the motion of a solid through
a gas at speeds high enough to cause ablation; for example, the interaction of a me-
teoroid with the atmosphere.

Astroballistics uses the data and methods of astronomy, aerodynamics, ballistics, and physical chemistry.

Astrodynamics. — The practical application of celestial mechanics, astroballistics, propul-
sion theory, and allied fields to the problem of planning and directing the trajectories of
space vehicles.

Astronavt. — 1. A person who occupies a space vehicle. 2. Specifically one of the test
pilots selected to participate in Project Mercury, the first United States program for
manned space flight.

Astronautics. — 1. The art, skill, or activity of operating space vehicies. 2. In a bicader
sense, the science of space flight.

Astronomical Unit (abbr AU). — In the astronomical system of measures, a unit of length

usually defined as the distance from the Earth to the Sun, approximately 92,900,000
statute miles or 149,600,000 kilometers. It is more precisely defined as the unit of
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distance in terms of which, in Kepler’s Third Law, nZa3 = k2(1 + m), the semimajor axis
a of an elliptical orbit must be expressed in order that the numerical value of the Gaussian
constant, k, may be exactly 0.01720209895 when the unit of time is the ephemeris day.

In astronomical units, the mean distance of the Earth from the Sun, calculated by Kepler’s
law from the observed mean motion n and adopted mass m, is 1.00000003.

Atmosphere. — The envelope of air surrounding the earth; also the body of gases surrounding
or comprising any planet or other celestial body.

Atomic Clock. — A precision clock that depends for its operation on an electrical oscillator
(as a quartz crystal) regulated by the natural vibration frequencies of an atomic system
(as a beam of cesium atoms or ammonia molecules).

Attenuation. — In physics, any process in which the flux density (or power, amplitude,
intensity, illuminance, etc.) of a ‘parallel beam’ of energy decreases with increasing
distance from the energy source. Attenuation is always due to the action of the trans-
mitting medium itself (mainly by absorption and scattering). Losses from any divergence
of the beam add to the attenuation loss.

The space rate of attenuation of electromagnetic radiation is described by Bouguer’s
law.

In meteorological optics, the attenuation of light is customarily termed ‘extinction’.
(The latter is sometimes used with regard to any electromagnetic radiation.)

Attitude. — The position or orientation of an aircraft, spacecraft, etc., either in motion or
at rest, as determined by the relationship between its axes and some reference line or
plane such as the horizon.

Auger Shower. — A very large cosmic-ray shower. Also called ‘extensive air-shower’.

Aurora. — The sporadic visible emission from the upper atmosphere over middle and high
latitudes. Also called ‘northern lights’.

Avrora Australia. — The aurora of the Southern Hemisphere. See Aurora.

Aurora Borealis. — The aurora of northern latitudes. Also called ‘aurora polaris’, ‘northern
lights’. See Aurora.

Axis. — (pl. axes) 1. A straight line about which a body rotates, or around which a plane
figure may rotate to produce a solid; a line of symmetry. 2. One of a set of reference
lines for certain systems of coordinates.

Azimuth. - 1. Horizontal direction or bearing. Compare azimuth angle, bearing. 2. In
navigation, the horizontal direction of a celestial point from a terrestrial point, expressed
as the angular distance from a reference direction, usually measured from 000° at the

reference direction clockwise through 360°

Azusa. — A short range tracking system which gives space position and velocity of the
object being tracked.

Backout. — An undoing of things already done during a countdown, usually in reverse order.

Backup. — 1. An item kept available to replace an item which fails to perform satisfactorily.
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2. An item under development intended to perform the same general function performed
by another item also under development.

Balance. — 1. The equilibrium attained by an aircraft, rocket, or the like when forces and
moments are acting upon it so as to produce steady flight, especially without rotation
about its axes; also used with reference to equilibrium about any specified axis, as, an
airplane is balance about its longitudinal axis. 2. A weight that counterbalances some-
thing, especially, on an aircraft control surface, a weight installed forward of the hinge
axis to counterbalance the surface aft of the hinge axis.

Ballistics. — The science that deals with the motion, behavior, and effects of projectiles,
especially bullets, aerial bombs, rockets, or the like; the science or art of designing and
hurling projectiles so as to achieve a desired performance.

Ballistic Trajectory. — The trajectory followed by a body being acted upon only by grav-
itational forces and the resistance of the medium through which it passes.

A rocket without lifting surfaces is in a ballastic trajectory after its engines cease operation.

Bar. — Unit of pressure equal to 100 dyne per cm2 (106 barye) 1000 millibars, 29.53 in.
of Hg.

Barye. — Sometimes used by British to denote pressure unit of the cgs system of physical
units, equal to one dyne per cm?2 (0.001 millibar). See Microbar.

Beam. — A ray or collection of focused rays of radiated energy, e.g., a beam of radio waves
used as a navigation aid.

Binary Notation. — A system of positional notation in which the digits are coefficients of
powers of the base 2 in the same way as the digits in the conventional decimal system
are coefficients of powers of the base 10.

Binary notation employs only two digits, 1 and 0, therefore is used extensively in computers where the
‘on’ and ‘off’ positions of a switch or storage device can represen.z the two digits.

In decimal notation 111= (1 x 102)+ (1 x101)+(1 10 )=100+ 10 +* 1 = one hundred and eleven.

In binary notation 111 =(1 x22)+(1x 21)+ (1 x 2©)=4+2+1=seven.

Bipropellant. — A rocket propellant consisting of two unmixed or uncombined chemicals
(fuel and oxidizer) fed to the combustion chamber separately.

Bird. — A colloquial term for a rocket, satellite, or spacecraft.
Bit. — (From binary digit.) A unit of information.

Black Body (abbr b). — 1. A hypothetical ‘body’ which absorbs all of the electromagnetic
radiation striking it; that is, one which neither reflects nor transmits any of the incident
radiation.

No actual substance behaves as a true black body, although platinum black and other
soots rather closely approximate this ideal. However, one does speak of a black body
with respect to a particular wavelength interval. This concept is fundamental to all of
the radiation laws, and is to be compared with the similarly idealized concepts of the
white body and the gray body. In accordance with Kirchoff’s law, a black body not only




absorbs all wavelengths, but emits at all wavelengths and does so with maximum possible
intensity for any given temperature.

Black Box. — Colloquially, any unit, usually an electronic device such as an amplifier,
which can be mounted in a rocket, spacecraft, or the like as a single package. See
Component.

Blackout. — 1. A fadeout of radio communications due to environmental factors such as
ionospheric disturbances, or a plasma sheath surrounding a reentry vehicle. 2. A condi-
tion in which vision is temporarily obscured by a blackness, accompanied by a dullness
of certain of the other senses, brought on by decreased blood pressure in the head and a
consequent lack of oxygen, as may occur in pulling out of a high-speed dive in an airplane.

Blockhouse. - (Also written ‘block house’). A reinforced concrete structure, often built
underground or partly underground, and sometimes dome-shaped, to provide protection
against blast, heat, or explosion during rocket launchings or related activities; specifically,
such a structure at a launch site that houses electronic control instruments used in launch-
ing a rocket.

Boilerplate. — As in ¢ boilerplate capsule’, a metal copy of the flight model, the structure
or components of which are heavier than the flight model.

Boiloff. — The vaporization of a cold propellant such as liquid oxygen or liquid hydrogen,
as the temperature of the propellant mass rises as in the tank of a rocket being readied
for launch.

‘Bola’ Concept. — Concept of a manned nuclear vehicle in which a long cable separates
the manned platform from the reactor power system, with consequent reduction of biolog-
ical hazard and the need for heavy shielding.

Boltzmann's Constant. — The ratio of the universal gas constant to Avogadro’s number;
equal to 1.3804 x 10-16 ergs per degree K. Sometimes called ‘gas constant per molecule’,
‘Boltzmann’s universal conversion factor’.

Bond Albedo. — The ratio of the amount of light reflected from a sphere exposed to parallel
light to the amount of light incident upon it. Sometimes shortened to “albedo’.
The Bond albedo is used in planetary astronomy.

Booster. — Short for “booster engine’, ‘booster rocket’, or ‘launch vehicle’.

Booster Engine. — An engine, especially a booster rocket, that adds its thrust to the
sustainer engine.

Booster Rocket. — 1. A rocket engine, either solid or liquid fuel, that assists the normal
propulsive system or sustainer engine of a rocket or aeronautical vehicle in some phase
of its flight. 2. A rocket used to set a missile vehicle in motion before another engine
takes over.

In sense 2 the term *launch vehicle® is more commonly used.

Boostglide Vehicle. — A vehicle (half aircraft, half spacecraft) designed to fly to the
limits of the sensible atmosphere, then be boosted by rockets into the space above,
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returning to earth by gliding under aerodynamic control.

Bouguer’s Law. — A relationship describing the rate of decrease of flux density of a plane-
parallel beam of monochromatic radiation as it penetrates a medium which both scatters
and absorbs at that wavelength.

Braking Ellipses. — A series of ellipses, decreasing in size due to aerodynamic drag,
followed by a spacecraft in entering a planetary atmosphere.

In theory, this maneuver will allow a spacecraft to dissipate energy through aerodynamic heating without
burning up.

Bremsstrahlung Effect. — The emission of electromagnetic radiation as a consequence of
the acceleration of charged elementary particles, such as electrons, under the influence
of the attractive or repulsive force-fields of atomic nuclei near which the ambient, charged
particle moves.

In cosmic-ray shower production, bremsstrahlung (in German, ‘braking radiation”) effects
give rise to emission of gamma rays as electrons encounter atmospheric nuclei. The
emission of radiation in the bremsstrahlung effect is merely one instance of the general
rule that electromagnetic radiation is emitted only when electric charges undergo
acceleration.

British Thermal Unit (Btu). — The amount of heat required to raise 1 pound of water at
60°F, 1°F. General usage makes 1 Btu equal 252 calories.

Buffer. — In computers: 1. An isolating circuit used to avoid reaction of a driven circuit
on the corresponding driving circuit. 2. A storage device used to compensate for a
difference in rate of flow of information or time on occurrence of events when transmitting
information from one device to another.

Burn. — A period during which a rocket engine is firing, as in ‘second burn’ the second
period during a flight in which the engine is firing.

Burning Rate (abbr r). — Velocity at which a solid propellant in a rocket is consumed,
measured in a direction normal to the propellant surface and is usually expressed in
inches per second.

Burnout. — 1. An act or instance of the end of fuel and oxidizer burning'in a rocket; the
time at which this burnout occurs. Compare cutoff. 2. An act or instance of something
burning out or of overheating; specifically, an act or instance of a rocket combustion
chamber, nozzle, or other part overheating so as to result in damage or destruction.

Burst. — 1. A single pulse of radio energy; specifically such a pulse at radar frequencies.
2. Solar radio burst. 3. Cosmic ray burst.

Calorie. — Originally amount of heat required to raise temperature of one gram of water
through one degree centigrade (the gram-calorie), but a more precise expression is that
a 15° gram-calorie (cal 15) is the amount of heat required to raise the temperature of one
gram of water from 14.5°C to 15.5 °C and is equal to 4.1855 joules. General usage makes
1 Btu equal 252 calories.

Capacity. — In computer operations: 1. The largest quantity which can be stored, pro-
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cessed, or transferred. 2. The largest number of digits or characters which may be
regularly processed. 3. The upper and lower limits of the quantities which may be
processed.

Capsule. — 1. A boxlike component or unit, often sealed. 2. A small, sealed pressurized
cabin with an internal environment which will support life in a man or animal during
extremely high altitude flight, space flight, or emergency escape.

The term, ‘spacecraft’, is preferred to capsule for any man-carrying vehicle.

Celestial Mechanics. ~ The study of the theory of the motions of celestial bodies under
the influence of gravitational fields.

Celestial Sphere. — An imaginary sphere of infinite radius concentric with the earth, on
which all celestial bodies except the earth are assumed to be projected.

Centrifuge. — A mechanical device which applies centrifugal force to the test specimen
by means of a long rotating arm to simulate very closely the prolonged accelerations
encountered in high-performance aircraft, rockets, and spacecraft.

The simulated acceleration or centrifugal force produced is proportional to the distance from the center
of rotation and the square of the rotational velocity.

Characteristic. — Any dimensional, visual, functional, mechanical, electrical, chemical,
physical, or material feature or property; and any process-control element which describes
and establishes the design, fabrication, and operating requirements of an article.

Checkout. — 1. A sequence of actions taken to test or examine a thing as to its readiness
for incorporation into a new phase of use, or for the performance of its intended function.
2. The sequence of steps taken to familiarize a person with the operation of an airplane
or other piece of equipment.

In sense 1, a checkout is usually taken at a transition point between one phase of
action and another. To shorten the time of checkout, automation is frequently employed.

Cheese Antenna. — A cylindrical parabolic reflector enclosed by two plates perpendicular
to the cylinder, so spaced as to permit the propagation of more than one mode in the
desired direction of polarization. It is fed on the focal line.

Chemical Fuel. - 1. A fuel that depends upon an oxidizer for combustion or for develop-
ment of thrust, such as liquid or solid rocket fuel or internal-combustion-engine fuel;
distinguished from nuclear fuel. 2. A fuel that uses special chemicals, such as a boron-
based fuel.

Chemical Rocket. ~ A rocket using chemical fuel, fuel which requires an oxidizer for
combustion, such as liquid or solid rocket fuel.

Chemosphere. — The vaguely defined region of the upper atmosphere in which photochem-
ical reactions take place. It is generally considered to include the stratosphere (or the
top thereof) and the mesosphere, and sometimes the lower part of the thermosphere.

This entire region is the seat of a number of important photochemical reactions involv-
ing atomic oxygen O, molecular oxygen 0y, ozone 03, hydroxyl OH, nitrogen N3, sodium
Na, and other constituents to a lesser degree.




Chugging. — A form of combustion instability, especially in a liquid-propellant rocket
engine, characterized by a pulsing operation at a fairly low frequency, sometimes defined
as occurring between particular frequency limits; the noise made in this kind of combus-
tion. Also called ‘chuffing’.

Cislunar. — (Latin cis ‘on this side’). Of or pertaining to phenomena, projects, or activity
in the space between the earth and moon, or between the earth and the moon’s orbit.

Combustion Resonance. — The sinusoidal vibration of high g level induced by uneven
pressures which occur within the combustion chamber of a solid fuel rocket engine. See
Sinusoidal Vibration and Random Vibration.

In spacecraft testing, this environment is simulated by sweeping sinusoidal vibration over a narrow
frequency band to include the frequency at which the spacecraft will experience combustion resonance.

Combustion Resonance Dwell = Combustion Resonance.

Comet. — A luminous member of the solar system composed of a head or coma at the center
of which a presumably solid nucleus is sometimes situated, and often with a spectacular
gaseous tail extending a great distance from the head.

The orbits of comets are highly elliptical.

Component. — A self-contained combination of parts and/or assemblies within a subsystem
performing a function necessaty to the subsystem’s operation. Examples are: receivers,
transmitters, modulators, etc.

Console. - An array of controls and indicators for the monitoring and control of a particular
sequence of actions, as in the checkout of a rocket, a countdown action, or a launch
procedure.

A console is usually designed around desklike arrays. It permits the operator to monitor and control
different activating instruments, data recording instruments, or event sequencers.

Constellation. — Originally a conspicuous configuration of stars; now a region of the celes-
tial sphere marked by arbitrary boundary lines.

Contractor. — The individual(s) or concern(s) who enter into a prime contract with the
government. '

Control. - Specifically, to direct the movements of an aircraft, rocket, or spacecraft with
particular reference to changes in altitude and speed. Contrast guidance.

Control Rocket. — A vernier engine, retrorocket, or other such rocket, used to guide or
make small changes in the velocity of a rocket, spacecraft, or the like.

Coriolis Acceleration. — An acceleration of a pariicle moving in a {moving) relative
coordinate system. The total acceleration of the particle, as measured in an internal
coordinate system, may be expressed as the sum of the acceleration within the relative
system, the acceleration of the relative system itself, and the coriolis acceleration.

In the case of the earth, moving with angular velocity Q, a particle moving relative to
the earth with velocity V has the coriolis acceleration 2Q x V. If Newton’s laws are to
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be applied in the relative system, the coriolis acceleration and the acceleration of the
relative system must be treated as forces. See Gravity.

Corona. — 1. The faintly luminous outer envelope of the sun. Also called ‘solar corona.’

The corona can be observed at the earth’s surface only at solar eclipse or with the coronagraph, a
photographic instrument which artificially blocks out the image of the body of the sun.

2. Discharge of electricity which occurs at the surface of a conductor under high
voltage. The phenomena is dependent on ambient pressure of the gas surrounding the
conductor.

Since phenomenon is enhanced by reduced pressure, tests must be conducted to verify that no significant
corona exists within the spacecraft or its components under anticipated conditions.

Cosmic Rays. — The aggregate of extremely high energy subatomic particles which bombard
the atmosphere from outer space. Cosmic ray primaries seem to be mostly protons, hy-
drogen nuclei, but also comprise heavier nuclei. On colliding with atmospheric particles
they produce many different kinds of lower-energy secondary cosmic radiation. Also
called ‘cosmic radiation.’

The maximum flux of cosmic rays, both primary and secondary, is at an altitude of
20 km, and below this the absorption of the atmosphere reduces the flux, though the rays
are still readily detectable at sea level. Intensity of cosmic ray showers has also been
observed to vary with latitude, being more intense at the poles.

COSPAR. — Abbreviation for ‘Committee on Space Research’, International Council of
Scientific Unions.

Coulomb Damping. — Also called dry friction damping. The dissipation of energy that
occurs when a particle in a vibrating system is resisted by a force whose magnitude is a
constant independent of displacement and velocity, and whose direction is opposite to

the direction of the velocity of the particle.

Countdown. — The time period in which a sequence of events is carried out to launch a
rocket; the sequence of events.

Cryogenic Propellant. — A rocket fuel, oxidizer, or propulsion fiuid which is liquid only
at very low temperatures.

Cryogenic Temperature. — In general, a temperature range below about -50°C; more partic-
ularly, temperatures within a few degrees of absolute zero.

Cutoff. — An act or instance of shutting something off; specifically in rocketry, and act or
instance of shutting off the propellant flow in a rocket, or of stopping the combustion of
the propellant.

Damping. — The dissipation of energy with time and distance.

Data Reduction. — Transformation of observed values into useful, ordered, or simplified
information.

Debug. — 1. To isolate and remove malfunctions from a device, or mistakes from a computer
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routine or program. 2. Specifically, in electronic manufacturing, to operate equipment
under specified environmental and test conditions in order to eliminate early failures
and to stabilize equipment prior to actual use.

Deceleration. — 1. The act or process of moving with decreasing speed; the state of so
moving. Synonymous with negative acceleration.

Decibel (abbr db). — A unit which denotes the magnitude of a quantity with respect to an
arbitrarily established reference value of the quantity, in terms of the logarithm (to the
base 10) of the ratio of the quantities.

For example, in electrical transmission circuits, a value of power may be expressed in terms of a power
level in decibels; the power level is given by 10 times the logarithm (to the base 10) of the ratio of the
actual power to a reference power (which corresponds to 0 db).

Deep Space Net. — A combination of three radar and communications stations in the United
States, Australia, and South Africa so located as to keep a spacecraft in deep space
under observation at all times.

Deep Space Probes. — Spacecraft designed for exploring space to the vicinity of the moon
and beyond. Deep space probes with specific missions may be referred to as ‘lunar
probe’, ‘Mars probe’, ‘solar probe’, etc.

Degradation. — Gradual deterioration in performance.

Degrees-of-Freedom. — The number of degrees-of-freedom of a mechanical system is equal
to the minimum number of independent coordinates required to define completely the
positions of all parts of the system at any instant. In general, it is equal to the number
of independent displacements that ate possible.

Delay. — The time (or equivalent distance) displacement of some characteristic of a wave
relative to the same characteristic of a reference wave; that is, the difference in phase
between the two waves.

In one-way radio propagation, for instance, the phase delay of the reflected wave over
the direct wave is a measure of the extra distance traveled by the reflected wave in
reaching the same receiver.

Design Engineering Tests. — Environmental tests having the purpose ‘of trying certain
design features prior to finalizing design for Design Qualification Tests. For instance
the structural model of the spacecraft is subjected to certain environmental exposures
or Design Engineering Tests up to design qualification level in order to establish
confidence in its structural design.

Design Qualification Tests. — Series of environmental and other tests applied to prototype
spacecraft, subsystems, components, or experiments to determine if design meets require-
ments for launch and flight of spacecraft. These tests are planned to subject spacecraft
to considerably greater rigors of environment than expected during launch and flight in
order to achieve maximum design reliability.

Destruct. ~ The deliberate action of destroying a rocket vehicle after it has been launched,
but before it has completed its course.
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Destructs are executed when the rocket gets off its plotted course or functions in such a way as to
become a hazard.

Deviation. — 1. In NASA quality control, specific authorization, granted before the fact,
to depart from a particular requirement of specifications or related documents. 2. In
statistics, the difference between two numbers. Also called ‘departure’. It is commonly
applied to the difference of a variable from its mean, or to the difference of an observed
value from a theoretical value.

Digital Computer. — A computer which operates on the principle of counting as opposed to
measuring. See Analog Computer.

Diplexer. — A device permitting an antenna system to be used simultaneously or separately
by two transmitters. Compare with duplexer.

Dish. — A parabolic type of radio or radar antenna, roughly the shape of a soup bowl.

Displacement. — A vector quantity that specifies the change of position of a body or
particle and is usually measured from the mean position or position of rest. In general,
it can be represented as a rotation vector or a translation vector, or both.

Display. — The graphic presentation of the output data of a device or system as, for
example, a radar scope.

Docking. — The process of bringing two spacecraft together while in space.

Doppler Shift. — The change in frequency with which energy reaches a receiver when the
source of radiation or a reflector of the radiation and the receiver are in motion relative
to each other. The Doppler shift is used in many tracking and navigation systems.

Dosimeter. — A device, worn by persons working around radioactive material, which
indicates the amount (dose) of radiation to which they have been exposed.

Dovap. — From Doppler, velocity and position, a tracking system which uses the Doppler
shift caused by a target moving relative to a ground transmitter to obtain velocity and
position information.

Drogue Parachute. — A type of parachute attached to a body, used to slow it down; also
called ‘deceleration parachute’, or ‘drag parachute’.

Duplexer. — A device which permits a single antenna system to be used for both transmitting
and receiving.

‘Duplexer® should not be confused with *‘diplexer®, a device permitting an antenna system to be used
simultaneously or separately by two transmitters.

Dynamic Balance. ~ A condition in which the rotation of a spacecraft about a spin axis
produces no net induced transverse torque. In dynamically balancing a spacecraft during
environmental testing, weights are added or shifted to attain a close approximation of
this condition while the spacecraft is being rotated. Contrast with static balance.

Dynamic Pressure. — Symbol q. 1. The pressure exerted by a fluid, such as air, by virtue




of its motion, equal to one half the fluid density times the fluid velocity squared Y%p \Z2
2. The pressure exerted on a body, by virtue of its motion through a fluid, for example,
| the pressure exerted on a rocket moving through the atmosphere.

Dynamic Test Unit. — A dynamic mock-up of the spacecraft which is subjected to such
functional tests as spin-up, despin, boom and/or paddle erection, etc.

Dyne (abbr d). — That unbalanced force which acting for 1 second on body of 1 gram mass
produces a velocity change of 1 cm/sec.
The dyne is the unit of force in the cgs system.

Eccentric. — Not having the same center; varying from a circle, as in ‘eccentric orbit’.

Ecliptic. = The apparent annual path of the sun among the stars; the intersection of the
plane of the earth’s orbit with the celestial sphere.

This is a great circle of the celestial sphere inclined at an angle of about 23°27 ” to the celestial
equator.

Ecological System. — A habitable environment, either created artificially, such as in a
manned space vehicle, or occurring naturally, such as the environment on the surface
of the earth, in which man, animals, or other organisms can live in mutual relationship
with each other.

Ideally, the environment furnishes the sustenance for life, and the resulting waste products revert or
cycle back into the environment to be used again for the continuous support of life.

Effective Atmosphere. — That part of the atmosphere which effectively influences a
particular process or motion, its outer limits varying according to the terms of the
process or motion considered.

For example, an earth satellite orbiting at 250 miles altitude remains within the
ionosphere, but because the air particles are so rare at this altitude as to cause no
appreciable friction or deflection, the satellite may be considered to be outside the
effective atmosphere. For movement of air vehicles the effective atmosphere ends
at the aeropause (which see).

Ejection Capsule. — 1. In an aircraft or manned spacecraft, a detachable compartment
serving as a cockpit or cabin, which may be ejected as a unit and parachuted to the
ground. 2. In an artificial satellite, probe, or unmanned spacecraft, a boxlike unit
usually containing recording instruments or records of observed data, which may be
ejected and returned to earth by a parachute or other deceleration device.

Electric Propulsion. — The generation of thrust for a rocket engine involving acceleration
of a propellant by some electrical device such as an arc jet, ion engine, or magnetohy-
drodynamic accelerator.

Electromagnetic Radiation. — Energy propagated through space or through material media
in the form of an advancing disturbance in electrical and magnetic fields existing in
space or in the media. Also called simply ‘radiation’. See Visible Radiation.

The earth®s atmosphere is generally opaque to electromagnetic radiation although several *windows® exist,
notably one in the visible and one in the infrared portion of the electromagnetic spectrum where the atmosphere

is transparent to electromagnetic radiation. r's

Electron. — The subatomic particle that possesses the smallest possible electric charge.

The term *electron® is usually reserved for the orbital particle whereas the term *beia particle’ refers to
a particle of the same electric charge inside the nucleus of the atom.

Electronic Data Processing. — The use of electronic devices and systems in the processing
of data so as to interpret the data and put it into usable form.

Ellipse. — A plane curve constituting the locus of all points the sum of whose distances
from two fixed point called ‘foci’ is constant; an elongated circle.
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The orbits of planets, satellites, planetoids, and comets are ellipses; center of attraction is at one focus.

Emissivity. — 1. The ratio of the emittance of a given surface at a specified wavelength
and emitting temperature to the emittance of an ideal black body at the same wavelength
and temperature. Sometimes called ‘emissive power’.

The greatest value that an emissivity may have is unity, the least value zero. It is a
corollary of Kirchhoff’s law that the emissivity of any surface at a specified temperature
and wavelength is exactly equal to the absorptivity of that surface at the same tempera-
ture and wavelength. The spectral emissivity is for a definite wavelength. The total
emissivity is for all wavelengths.

2. (abbr ¢) Specifically, the ratio of the flux emitted by a clean, perfectly polished
surface of the material to the flux that would have been emitted by a black body at the
same temperature.

End ltem. — A space system or any of its principal system or subsystem elements, e.g.,
launch vehicle, spacecraft, ground support system, propulsion engine, or guidance
system. Also, articles covered by major subcontracts where NPC 200-2 is invoked by
the NASA installation or by a system prime contractor. Also, articles which will be
delivered direct to a government installation or provided as Government Furnished
Property to a contractor.

Environment. — An external condition or the sum of such conditions, in which a piece of
equipment or a system operates, as in ‘temperature environment’, ‘vibration environment”’,
or ‘space environment’,

Environments are usually specified by a range of values, and may be either natural or artificial.

Ephemeris. — Any tabular statement of the assigned places of a celestial body for regular
intervals; hence, the orbital characteristics of a man-made satellite are called its
ephemeris.

Epoch. ~ A particular instant for which certain data are valid.

Equalization. — Used to describe the process of adjusting the input to a vibration exciter
to conform with a specified frequency spectrum.

in the random vibration phase of spacecraft environmental testing, completion of this process prior to
test operations is necessary to assure that the spacecraft will receive the specified exposure.

Escape Velocity. — The radial speed which a particle or larger body must attain in order
to escape from the gravitational field of a planet or star.

The escape velocity from Earth is approximately 7 miles per sec.; from Mars, 3.2 miles per sec.; and from
the Sun, 390 miles per sec. In order for a celestial body to retain an atmosphere for astronomically long
periods of time, the mean velocity of the atmospheric molecules must be considerably below the escape
velocity.

Exosphere. — The outermost, or topmost portion of the atmosphere.

N
In the exosphere, the air density is so low that the mean free path of individual particles depends upon

their direction with respect to the local vertical, being greatest for upward moving particles. It is only from
the exosphere that atmospheric gases can, to any appreciable extent, escape into outer space.
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Exotic Fuel. — Any fuel considered to be unusual, as a boron-based fuel.

Experiment. — A combination of two or more components, including both the sensor and
associated electronics, designed for acquisition of data for space research.

Explosive Bolt. — A bolt incorporating an explosive which can be detonated on command,
thus destroying the bolt. Explosive bolts are used, for example, in separating a satellite
from a rocket.

Extraterrestrial. — From outside the earth.

Extraterrestrial Radiation. — In general, solar radiation received outside the earth’s
atmosphere.

Fatigue. — A weakening or deterioration of metal or other material, or of a member, occurring
under load, especially under repeated, cyclic, or continued loading.

Field. — A region of space at each point of which a given physical quantity has some
definite value, thus a ‘gravitational field’, an ‘electric field’, a ‘magnetic field’, etc.

Fixed Satellite. — An earth satellite that orbits from west to east at such a speed as to
remain constantly over a given place on the earth’s equator.

Flare. — A bright eruption from the sun’s chromosphere.

Flares may appear within minutes and fade within an hour. They cover a wide range of intensity and size,
and they tend to be associated with sunspots.
Flares are related to radio fadeouts and terrestrial magnetic disturbances.

Flight. — Describes or pertains to travel of spacecraft or stages after liftoff. Thus, in
testing, designates spacecraft or element thereof which is to be launched as distinct
from structural model and prototype spacecraft which are test specimens only.

Flight Acceptance Tests. — The environmental and other tests which spacecraft scheduled
for flight must pass before launch. These tests are planned to approximate expected
environmental conditions and have the purpose of detecting flaws in material and work-
manship. Tests given components/experiments before their incorporation into flight unit.

Flight Unit. — Spacecraft which is undergoing or has passed Flight Acceptance Tests
(environmental and other tests) which qualify it for launch and space flight.

Flux. — The rate of flow of some quantity, often used in reference to the flow of some
form of energy. Also called ‘transport’. In nuclear physics generally, the number of
radioactive particles per unit volume times their mean velocity.

Flux Density. — The flux (rate of flow) of any quantity, usually a form of energy, through
a unit area of specified surface. (Note that this is not a volumetiic density like radiant
density.)

The flux density of electromagnetic radiation in general often is preferably specified

as ‘radiant flux density’ or ‘irradiance’ in order to distinguish it from the slightly different
concept of luminous flux density or illuminance. In radar, flux density commonly is
referred to as power density. It is essential to understand that the flux density of radia-
tion is in no sense a vector quantity, because it is the sum of the flux corresponding to
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all ray directions incident upon one ‘side’ of the unit area.

Forced Vibration. — The oscillation of a body in which the response is imposed by the
excitation. If the excitation is periodic and continuing, the oscillation is steady-state.

Free Fall. — The fall or drop of a body, such as a rocket not guided, not under thrust, and
not retarded by a parachute or other braking device.

Free Vibration. — Oscillation in the absence of forced vibration. The frequency of this
oscillation is known as the body’s natural frequency. See Forced Vibration and Natural
Frequency.

g or G. — An acceleration equal to the acceleration of gravity, approximately 32.2 feet per
second per second at sea level. By extension is commonly. used as a unit of force which
would impart acceleration equal to that of gravity. By international agreement, the value
980.665 cm/sec? or 32.1739 ft/sec? has been chosen as the standard acceleration of
gravity.

GSE. — See Ground Support Equipment.

Gamma Ray. — A quantum of electromagnetic radiation emitted by a nucleus, each such
photo being emitted as the result of a quantum transition between two energy levels of
the nucleus. Gamma rays have energies usually between 10 kev and 10 Mev, with
correspondingly short wavelengths and high frequencies. Also called ‘gamma radiation’,

Gantry. — A frame structure that spans over something, as an elevated platform that runs
astride a work area, supported by wheels on each side; specifically, short for ‘gantry
crane’ or ‘gantry scaffold’.

Gantry Scaffold. ~ A massive scaffolding structure mounted on a bridge or platform supported
by a pair of towers or trestles that normally run back and forth on parallel tracks, used to
assemble and service a large rocket on its launching pad. Often shortened to ‘gantry’.
Also called ‘service tower’.

This structure is a latticed arrangement of girders, tubing, platforms, cranes, elevators, instruments,
wiring, floodlights, cables, and ladders-all used to attend the rocket.

Garbage. — Miscellaneous objects in orbit, usually material ejected or broken away from a
launch vehicle or satellite.

Gas Cap. - The gas immediately in front of a meteoroid or reentry body as it travels through
the atmosphere; the leading portion of a meteor. This gas is compressed and adiabatically
heated to incandescence.

Gaussian Distribution. — The probability distribution most frequently encountered in nature;
e.g., the odds of getting various proportions of heads and tails in a series of trials. See

Random Vibration.

In a randomly vibrating system such as used in spacecraft environmental testing, the Gaussian Distribution
is believed to best represent the distribution of accelerations.

Generation. — In any technical or technological development, as of a missile, jet engine,




or the like, a stage or period that is marked by features or performances not marked, or
existent, in a previous period of development or production, as in ‘second generation
rocket’.

Geo. — A prefix meaning ‘earth’, as in ‘geology’, ‘geophysics’.

Most writers use the established terms such as ‘geology”’ to refer to the same concept on other bodies of
the solar system, as ‘the geology of Mars’, rather than ‘areology’ or ‘marsology’, ‘geology of the moon’,
rather than ‘selenology’.

Geocentric. — Relative to the earth as a center; measured from the center of the earth.

Geodetic. — Pertaining to geodesy, the science which deals with the size and shape of the
earth.

Geomagnetism. — The magnetic phenomena, collectively considered, exhibited by the earth.

Geophysics. ~ The physics of the earth and its environment, i.e., earth, air, and (by exten-
sion), space.

Classically, geophysics is concerned with the nature of physical occurrences at and below the surface of
the earth including, therefore, geology, oceanography, geodesy, seismology, hydrology, etc. The trend is to
extend the scope of geophysics to include meteorology, geomagnetism, astrophysics, and other sciences
concerned with the physical nature of the universe.

Geopotential. — The potential energy of a unit mass relative to sea level, numerically
equal to the work that would be done in lifting the unit mass from sea level to the height
at which the mass is located; commonly expressed in terms of dynamic height or geo-
potential height.

Geoprobe. ~ A rocket vehicle designed to explore space near the earth at a distance of
mote than 4,000 miles from the earth’s surface. Rocket vehicles operating lower than
4,000 miles are termed ‘sounding rockets’.

Giga. — A prefix meaning multiplied by one billion.

Gimbal. — 1. A device with two mutually perpendicular and intersecting axes of rotation,
thus giving free angular movement in two directions, on which an engine or other object
may be mounted. 2. In a gyro, a support which provides the spin axis with a degree-of-
freedom.

Gox. — Gaseous oxygen.

Grain. — An elongated molding or extrusion of solid propellant for a rocket, regardless of
size.
G-

am. — 1. Unit of weight in metric system; 453.6 grams equal 1 pound. 2. Unit of mass,
. s N . 4
1 gram is the mass to which an acceleration of 1 cm/sec< is imparied by 1 dync of

Gravitation. — The acceleration produced by the mutual attraction of two masses, directed
along the line joining their centers of mass, and of magnitude inversely proportional to
the square of the distance between the two centers of mass.



Gravity. — The force imparted by the earth to a mass on, or close to the earth. Since the
earth is rotating, the force observed as gravity is the resultant of the force of gravitation
and the centrifugal force arising from this rotation.

Ground Support Equipment (GSE). — Any ground-based equipment used for launch, check-
out, or in-flight support of a space project.

Guidance. — The process of directing the movements of an aeronautical vehicle or space
vehicle, with particular reference to the selection of a flight path. See Control.

In preset guidance a predetermined path is set into the guidance mechanism and not
altered, in inertial guidance accelerations are measured and integrated within the craft,
in command guidance the craft responds to information received from an outside source.
Beam-rider guidance utilizes a beam, terrestrial-reference guidance some influence of
the earth, celestial guidance the celestial bodies and particularly the stars, and homing
guidance information from the destination. In active homing guidance the information is
in response to transmissions from the craft, in semiactive homing guidance the trans-
missions are from a source other than the craft, and in passive homing guidance natural
radiations from the destination are utilized. Mid-course guidance extends from the end
of the launching phase to an arbitrary point enroute and terminal guidance extends from
this point to the destination.

Gyro. — A device which utilizes the angular momentum of a spinning rotor to sense angular
motion of its base about one or two axes at right angles to the spin axis. Also called
‘gyroscope’.

Hall Effect. — The electrical polarization of a horizontal conducting sheet of limited
extent, when that sheet moves laterally through a magnetic field having a component
vertical to the sheet.

The Hall effect is important in determining the behavior of the electrical currents
generated by winds in the lower ionosphere, since these winds advect the ionized
layers across the earth’s magnetic field and produce a complex electrical current
system in the ionosphere. This current system in turn produces small changes in the
earth’s magnetic field as measured at the surface.

Harmonic Response. - The periodic response of a vibrating system, exhibiting the
characteristics of resonance at a frequency that is a multiple of the excitation frequency.

Heat Exchanger. — A device for transferring heat from one fluid to another without in-
termixing the flyids. A regenerator is an example.

Heat Shield. — Any device that protects something from heat.

Heat Sink. — 1. In thermodynamic theory, a means by which heat is stored, or is dissi-
pated or transferred from the system under consideration. 2. A place toward which the
heat moves in a system. 3. A material capable of absorbing heat; a device utilizing
such a material and used as a thermal protection device on a spacecraft or reentry
vehicle. 4. In nuclear propulsion, any thermodynamic device, such as a radiator or

condenser, that is designed to absorb the excess heat energy of the working fluid. Also
called ‘heat dump’.

Heterosphere. — The upper portion of a two-part division of the atmosphere according to
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the general homogeneity of atmospheric composition; the layer above the homosphere.
The heterosphere is characterized by variation in composition, and mean molecular
weight of constituent gases.

This region starts at 80 to 100 km above the earth, and therefore closely coincides
with the ionosphere and the thermosphere.

Hold. — During a countdown: To halt the sequence of events until an impediment has been

removed so that the countdown can be resumed, as in ‘T minus 40 and holding’.

Homosphere. — The lower portion of a two-part division of the atmosphere according to the

general homogeneity of atmospheric composition; opposed to the heterosphere. The
region in which there is no gross change in atmospheric composition, that is, all of
the atmosphere from the earth’s surface to about 80 or 100 km.

The homosphere is about equivalent to the neutrosphere, and includes the troposphere,
stratosphere, and mesosphere, and also the ozonosphere and at least part of the chem-
osphere.

Hot Test. — A propulsion system test conducted by actually firing the propellants.

Hunting. — Fluctuation about a midpoint due to instability, as oscillations of the needle

of an instrument about a median value.

Igniter. — Any device used to begin combustion, such as a spark plug in the combustion

chamber of a jet engine, or a squib used to ignite fuel in a rocket.

Impact Area. — The area in which a rocket strikes the earth’s surface.

Used specifically in reference to the *impact area’ of a rocket range.

Inertial Guidance. — Guidance by means of acceleration measured and integrated within

the craft.

Infrared Radiation (abbr IR). - Electromagnetic radiation lying in the wavelength interval

from about 0.8 microns to an indefinite upper boundary sometimes arbitrarily set at
1,000 microns (0.01 cm). Also called ‘black light’, ‘long wave radiation’.

At the lower limit of this interval, the infrared radiation spectrum is bounded by
visible radiation, while on its upper limit it is bounded by microwave radiation of the
type important in radar technology.

Whereas visible radiation is generated primarily by intra-atomic processes, infrared
radiation is generated almost wholly by larger-scale intra-molecular processes, chiefly
molecular rotations and internal vibrations of many types. Electrically symmetric
molecules, such as the nitrogen and oxygen molecules which comprise most of the
earth’s atmosphere, are not capable of absorbing or emitting infrared radiation, but
several of the triatomic gases, such as water vapor, carbon dioxide, and ozone are
infrared-active and play important roles in the propagation of infrared radiation in the
alinospheie.

The earth radiates with maximum intensity in the infrared portion of the spectrum
(near 10 microns).

Injection. — 1. The introduction of fuel, fuel and air, fuel and oxidizer, water, or other

substance into an engine induction system or combustion chamber. 2. The process of




putting an artificial satellite into orbit. 3. The time following launching when non-
gravitational forces (thrust, life, and drag) become negligible in their effect on the
trajectory of a space vehicle.

More than one injection is possible in a single flight if engines are stopped and
restarted.

Intensity. — 1. In general, the degree or amount, usually expressed by the elemental time
rate or spatial distribution, of some condition or physical quantity, such as electric
field, sound, magnetism, etc. 2. With respect to electromagnetic radiation, a measure
of the radiant flux per unit solid angle emanating from some source. Frequently, it is
desirable to specify this as radiant intensity in order to clearly distinguish it from
luminous intensity.

Interface. — The junction points or the points within or between systems or subsystems
where matching or accommodation must be properly achieved in order to make their
operation compatible with the successful operation of all other functional entities in
the space vehicle and its ground support.

International Geophysical Year (abbr IGY). — By international agreement, a period during
which greatly increased observation of world-wide geophysical phenomena is undertaken
through the cooperative effort of participating nations. July, 1957-December, 1958 was
the first such ‘year’; however, precedent was set by the International Polar Years of
1882 and 1921.

International Year of the Quiet Sun (abbr IQSY). — The international program for maximum
observation and research in connection with expected period of low solar activity
between April, 1964 and December, 1965.

lon. — An atom or molecularly bound group of atoms having an electric charge. Sometimes
also a free electron or other charged subatomic particle.

lonosphere. — The atmospheric shell characterized by a high ion density. Its base is at
about 50 km, and it extends to an indefinite height.

The ionosphere is classically divided into regions with each region except D Region,
the lowest in altitude, supposedly characterized by a more or less regular maximum of
electron density.

The D Region exists only in the daytime when it is characterized by increasing
electron and ion density, moving upward from about 50 km and merging with the bottom
of the E Region.

The lowest clearly defined layer is the E Region, occurring between 90 and 160 km.
The F1 and F) Regions occur in general above 160 km, the F1 Region being always
present and having the higher electron density. The existence of a G Region has been
suggested, but is questionable.

Sudden increases in ionization of particular regions are, referred to as ‘sporadic’, as
in ‘sporadic E’ or ‘sporadic D’.

The above assumption that the ionosphere is stratified in the vertical into discrete
layers is currently under serious question. Some evidence supports a belief that ion
clouds are the basic elements of the ionosphere. Other investigations appear to reveal
the ionosphere as a generally ionized region characterized by more or less random
fluctuations of electron density.

Isotropic. ~ In general, pertaining to a state in which a quantity or spatial derivatives
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thereof are independent of direction.
IQSY. — See International Year of the Quiet Sun.

Jerk. — A vector that specifies the time rate of change of an acceleration; the third
derivative of displacement with respect to time.

Joule’s Constant. — The ratio between heat and work units from experiments based on the
first law of thermodynamics: 4.186 x 107 ergs/cal. Also called ‘mechanical equivalent
of heat’.

Kelvin Temperature Scale (abbr K). = An absolute temperature scale independent of the
thermometric properties of the working substance. On this scale, the difference between
two temperatures T1 and T9 is proportional to the heat converted into mechanical work
by a Camot engine operating between the isotherms and adiabats through T1 and T9.
Also called ‘absolute temperature scale’, ‘thermodynamic temperature scale’.

For convenience the Kelvin degree is identical to the Celsius degree. The ice point
in the Kelvin scale is 273.16°K. See Absolute Zero.

Kepler's Laws. — The three empirical laws describing the motions of planets in their
orbits, discovered by Johannes Kepler (1571-1630). These are: (1) The orbits of the
planets are ellipses, with the sun at a common focus. (2) As a planet moves in its
orbit, the line joining the planet and sun sweeps over equal areas in equal intervals of
time. Also called ‘law of equal areas’. (3) The squares of the periods of revolution of
any two planets are proportional to the cubes of their mean distances from the sun.

Kirchhoff's Law. — The radiation law which states that at a given temperature the ratio
of the emissivity to the absorptivity for a given wavelength is the same for all bodies
and is equal to the emissivity of an ideal black body at that temperature and wavelength.
Loosely put, this important law asserts that good absorbers of a given wavelength
are also good emitters of that wavelength. It is essential to note that Kirchhoff’s law
relates absorption and emission at the same wavelength and at the same temperature.
Also called ‘Kirchhoff’s radiation law’.

Laser. — (From light amplification by stimulated emission of radiation). A device for
producing light by emission of energy stored in a molecular or atomic system when
stimulated by an input signal.

Launch Pad. — The load-bearing base or platform from which a rocket vehicle is launched.
Usually called ‘pad’.

Launch Vehicle. — Any device which propels and guides a spacecraft into orbit about the
earth or into a trajectory to another celestial body. Often called ‘booster’.

Launch Window. — An interval of time during which a rocket can be launched to accomplish
a particular purpose as ‘lift-cff cccurred 5 minutes after the beginning of the 82-minute

launch window’.

Libration. — A real or apparent oscillatory motion, particularly the apparent oscillation
of the moon.
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Because of libration, more than half of the moon’s surface is revealed to an observer on the earth, even
though the same side of the moon is always toward the earth because the moon’s periods of rotation and
revolution are the same.

Lift-off. — The action of a rocket vehicle as it separates from its launch pad in a vertical
ascent.

A lift-off is applicable only to vertical ascent; a take-off is applicable to ascent at any angle. A lift-off
is action performed by a rocket; a launch is action performed upon a rocket or upon a satellite or spaceship
carried by a rocket.

Liquid-propellant Rocket Engine. —~ A rocket engine fueled with a propellant or propellants
in liquid form. Also called ‘liquid-propellant rocket’.

Rocket engines of this kind vary somewhat in complexity, but they consist essentially of one or more
combustion chambers together with the necessary pipes, valves, pumps, injectors, etc.

Local Vertical. — At a particular point, the direction in which the force of gravity acts.
Longitudinal Axis. — The fore-and-aft line through the center of gravity of a craft.

Longitudinal Vibration. — Vibration in which the direction of motion of the particles is the
same as the direction of advance of the vibratory motion.
This is in contrast with transverse vibration, in which the direction of motion is
perpendicular to that of advance.

Lox. — 1. Liquid oxygen. Used attributively as in ‘lox tank’, ‘lox unit’. Also called
‘loxygen’. 2. To load the fuel tanks of a rocket vehicle with liquid oxygen. Hence,
‘loxing’.

Lunar Atmospheric Tide. — An atmospheric tide due to the gravitational attraction of the
moon. The only detectable components are the 12-lunar-hour or semidiurnal, as in the
oceanic tides, and two others of very nearly the same period. The amplitude of this
atmospheric tide is so small that it is detected only by careful statistical analysis
of a long record, being about 0.06 mb in the tropics and 0.02 mb in the middle
latitudes.

Mach Number. ~ (After Emst Mach (1838-1916), Austrian scientist.) A number expressing
the ratio of the speed of a body or of a point on a body with respect to the surrounding

air or other fluid, or the speed of a flow, to the speed of sound in the medium; the speed
represented by this number.

If the Mach number is less than one, the flow is called *subsonic® and local disturbances can propagate
ahead of the flow. If the Mach number is greater than one, the flow is called *supersonic® and disturbance
cannot propagate ahead of the flow, with the result that shock waves form.

Magnetic Storm. — A worldwide disturbance of the earth’s magnetic field.

Magnetic storms are frequently characterized by a sudden onset, in which the magnetic field undergoes
marked changes in the course of an hour or less, followed by a very gradual return to normality, which may
take several days. Magnetic storms are caused by solar disturbances, though the exact nature of the link
between the solar and terrestrial disturbances is not understood. Sometimes a magnetic storm can be linked
to a particular solar disturbance. In these cases, the time between solar flare and onset of the magnetic

storm is about one or two days, suggesting that the disturbance is carried to the earth by a cloud of particles
thrown out by the sun.




Magnetohydrodynamics. — The study of the interaction that exists between a magnetic field
and an electrically conducting fluid. Also called ‘magnetoplasmadynamics’, ‘magnetogas-
dynamics’, ‘hydromagnetics’, ‘MHD’.

Magnetometer. — An instrument used in the study of geomagnetism for measuring any magnetic
element.

Magnetosphere. — The region above the ionosphere in which the earth’s magnetic field
dominates over extraterrestrial magnetic fields.

Magnitude. — Relative brightness of a celestial body. The smaller the magnitude number,
the brighter the body.

Decrease of light by a factor of 100 increases the steller magnitude by 5.00; hence the brightest objects
have negative magnitudes. (Sun: -26.8; mean full moon; -12.5; Venus at brightest: ~4.3; Jupiter at opposition:
-2.3; Sirius; -1.6; Vega: +0.2; Polaris: +2.1). The faintest stars visible to the naked eye on a clear dark
night are of about the sixth magnitude.

Main Stage. — 1. In a multistage rocket, the stage that develops the greatest amount of
thrust, with or without booster engines. 2. In a single-stage rocket vehicle powered by
one or more engines, the period when full thrust (at or above 90 percent) is attained.

3. A sustainer engine, considered as a stage after booster engines have fallen away, as
in ‘the main stage of the Atlas’.

Maser. — An amplifier utilizing the principle of microwave amplification by stimulated
emission of radiation. Emission of energy stored in a molecular or atomic system by a
microwave power supply is stimulated by the input signal.

Mass. — The measure of the amount of matter in a body, thus its inertia.
The weight of a body is the force with which it is attracted by the earth.

Mass Ratio. — The ratio of the mass of the propellant charge of a rocket to the total mass
of the rocket charged with the propellant.

Mate. — To fit together two major components of a system.

Mean Free Path. — Of any particle, the average distance that a particle travels between
successive collisions with the other particles of an ensemble.

Mega. — A prefix meaning multiplied by one million as in ‘megacycles’.

Memory. ~ The component of a computer, control system, guidance system, instrumented
satellite, or the like designed to provide ready access to data or instructions previously
recorded so as to make them bear upon an immediate problem, such as the guidance of a
physical object, or the analysis and reduction of data.

Mesosphere. — 1. The atmospheric shell between about 20 km and about 70 or 80 km,
extending from the top of the stratosphere to the upper temperature minimum (the mes-
opause). It is characterized by a broad temperature maximum (the mesopeak) at about
50 km, except possibly over the winter polar regions. 2. The atmospheric shell between
the top of the ionosphere (the top of this region has never been clearly defined) and the



bottom of the exosphere. (This definition has not gained general acceptance.)

Meteor. — In particular, the light phenomenon which results from the entry into the earth’s
atmosphere of a solid particle from space: more generally, any physical object or
phenomenon associated with such an event.

Meteorite. — A meteoroid which has reached the surface of the earth without being completely
vaporized.

Meteoroid. — A solid object moving in interplanetary space, of a size considerably smaller
than an asteroid and considerably larger than an atom or molecule.

Meteorological Rocket. — A rocket designed primarily for routine upper-air observation (as
opposed to research) in the lower 250,000 feet of the atmosphere, especially that portion
inaccessible to balloons, i.e., above 100,000 feet. Also called ‘rocketsonde’.

Micro. = 1. A prefix meaning divided by one million. 2. A prefix meaning very small as
in ‘micrometeorite’.

Microbar (abbr pb). — The unit of pressure in the c.g.s. system and equal to one dyne per
square centimeter.

Micrometeorite. — A very small meteorite or meteoritic particle with a diameter in general
less than a millimeter.

Micron. -~ One millionth of a meter, abbreviated p.

Microwave Region. — Commonly, that region of the radio spectrum between approximately
1,000 Mc and 300,000 Mc.
Corresponding wavelengths are 30 cm to 1 mm.
The limits of the microwave region are not clearly defined but in general it is con-
sidered to be the region in which radar operates.

Millibar. — A unit of pressure equal to 1,000 dynes per square centimeter, or 1/1,000 of a
bar.
The millibar is used as a unit of measure of atmospheric pressure, a standard at-
mosphere being equal to 1,013.25 millibars or 29.92 inches of mercury.

Mini. = A contraction of ‘miniature’ used in combination, as in ‘minicomponent’, ‘miniradio’,
‘minitransistor’.

Miniaturize. — To construct a functioning miniature of a part or instrument. Said of tele-
metering instruments or parts used in an earth satellite or rocket vehicle, where room
is at a premium. Hence, ‘miniaturized’, ‘miniaturization’.

Minimum lonizing Speed. — The speed with which a free electron must move through a given
gas to be able to ionize gas atoms or molecules by collision. In air at standard conditions,
this speed is about 107 cm/sec.

Minitrack. — A satellite tracking system consisting of a field of separate antennas and

associated receiving equipment interconnected so as to form interferometers which track
a transmitting beacon in the satellite itself.
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Missile. — Any object thrown, dropped, fired, launched, or otherwise projected with the
purpose of striking a target. Short for ‘ballistic missile’, ‘guided missile’.

Missile is loosely used as a synonym for *rocket’ or *spacecraft’ by some careless writers.

Mock-Up. — A full-sized replica or dummy of something, such as a spacecraft, often made
of some substitute material, such as wood, and sometimes incorporating functioning
pieces of equipment, such as engines.

Mode of Propagation. — In transmission, a form of propagation of guided waves that is
characterized by a particular field pattern in a plane transversed to the direction of
propagation, which field pattern is independent of position along the axis of the wave-
guide.

In the case of uniconductor waveguides the field pattern of a particular mode of
propagation is also independent of frequency.

Mode of Vibration. ~ In a system undergoing vibration, a characteristic pattern assumed
by the system, in which the motion of every particle is simple harmonic with the same
frequency.

Two or more modes of vibration may exist concurrently in a multiple-degree-of-freedom
system.

Modulation. ~ Specifically, variation of some characteristic of a radio wave, called the
‘carrier wave’, in accordance with instantaneous values of another wave, called the
‘modulating wave’.

Variation of amplitude is amplitude modulation, variation of frequency is frequency modulation, and
variation of phase is phase modulation. The formation of very short bursts of a carrier wave, separated by
relatively long periods during which no carrier wave is transmitted, is pulse modulation.

Module. — 1. A self-contained unit of a launch vehicle or spacecraft which serves as a
building block for the overall structure. The module is usually designated by its primary
function as ‘command module’, ‘lunar landing module’, etc. 2. A one-package assembly
of functionally associated electronic parts; usually a plug-in unit.

Moment (abbr M). ~ A tendency to cause rotation about a point or axis, as of a control
surface about its hinge or of an airplane about its center of gravity; the measure of
this tendency, equal to the product of the force and the perpendicular distance between
the point of axis of rotation and the line of action of the force.

Moment of Inertia (abbr I). — Of a body about an axis, the 3 mr2, where m is the mass of a
particle of the body and r its distance from the axis.

Momentum. — Quantity of motion.

Linear momentum is the quantity obtained by multiplying the mass of a body by its
linear speed. Angular momentum is the quantity obtained by multiplying the moment of
inertia of a body by its angular speed.

The momentum of a system of particles is given by the sum of the moments of the
individual particles which make up the system, or by the product of the total mass of
the system and the velocity of the center of gravity of the system.

The momentum of a continuous medium is given by the integral of the velocity over

the mass of the medium, or by the product of the total mass of the medium and the
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velocity of the center of gravity of the medium.

Monopropellant. — A rocket propellant consisting of a single substance, especially a
liquid, capable of producing a heated jet without the addition of a second substance.

M-Region. — Name given to a region of activity on the sun when the nature of that activity

cannot be determined.

The M-region used in accounting for recurrent magnetic storms with a period the same
as the period of solar rotation relative to the earth, 27.3 days. See Magnetic Storm.

Multiplexer. — A mechanical or electrical device for sharing of a circuit by two or more
coincident signals.

Multiplexing. — The simultaneous transmission of two or more signals within a single
channel.

The three basic methods of multiplexing involve the separation of signals by time division, frequency
division, and phase division.

Multipropellant. — A rocket propellant consisting of two or more substances fed separately
to the combustion chamber.

Multistage Rocket. — A vehicle having two or more rocket units, each unit firing after the
one in back of it has exhausted its propellant. Normally, each unit, or stage, is jetti-
soned after completing its firing. Also called a ‘multiple-stage rocket’ or, infrequently,

a ‘step rocket’.

Musa Antenna. — A ‘multiple-unit steerable antenna’ consisting of a number of stationary
antennas, the composite major lobe of which is electrically steerable.

NACA (abbr). — National Advisory Committee f§r Aeronautics.

Nano. — A prefix meaning divided by one billion, as in ‘nanosecond’, one billionth of a
second.

Nanosecond (abbr nsec). ~ 10-9 second. Also called ‘millimicrosecond’.
NASA (abbr). — National Aeronautics and Space Administration.
NASC (abbr). — National Aeronautics and Space Council.

Natural Frequency. — The frequency of free vibration of a body, expressed in cycles per
unit time. For a multiple-degree-of-freedom system, the natural frequencies or frequencies

of the normal modes of vibration. Mathematically expressed as the square root of stiffness

divided by mass, \/xl% See Free Vibration.

Nautical Mile. - A unit of distance used principally in navigation. For practical navi-
gation it is usually considered the length of one minute of any great circle of the earth,
the meridian being the great circle most commonly used. Also called ‘sea mile’. By
international agreement of July 1, 1959, US Great Britain and nearly all maritime nations
established the International Nautical Mile, equal to exactly 1852 meters. Using the
yard-meter conversion factor effective July 1, 1959, the International Nautical Mile is
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equivalent to 6,076.11549 international feet.

NASA's Designated Representative. — A representative of the NASA installation stationed
at the supplier’s plant or a representative of the inspection agency to whom quality
assurance functions have been delegated.

NASA Installation. — A major organizational unit of the NASA; includes Headquarters and
field installations. Field installations are assigned specific missions in the NASA space
program,

Neutron. — A subatomic particle with no electric charge, and with a mass slightly more
than the mass of the proton.
Protons and neutrons comprise atomic nuclei; and they are both classed as nucleons,

Nevutrosphere. — The atmospheric shell from the earth’s surface upward in which the
atmospheric constituents are for the most part un-ionized, i.e., electrically neutral.
The region of transition between the neutrosphere and the ionosphere is somewhere
between 70 and 90 km, depending on latitude and season.

Newton’s Laws of Motion. — A set of three fundamental postulates forming the basis of
the mechanics of rigid bodies, formulated by Newton in 1687.

The first law is concerned with the principle of inertia and states that if a body in motion is not acted
upon by an external force, its momentum remains constant (law of conservation of momentum). The second
law asserts that the rate of change of momentum of a body is proportional to the force acting upon the body
and is in the direction of the applied force. A familiar statement of this is the equation

F=ma,

where F is vector sum of the applied forces, m the mass, and a the vector acceleration of the body. The
third law is the principle of action and reaction, stating that for every force acting upon a body there exists
a corresponding force of the same magnitude exerted by the body in the opposite direction.

Noctilucent Clouds. — Rarely observed clouds of unknown composition which occur at
great height. Photometric measurements have located them between 75 and 90 km.
They resemble thin cirrus, but usually with a bluish or silverish color, although some-
times orange to red, standing out against a dark night sky. Sometimes called ‘luminous
clouds.’

Node. — 1. One of the two points of intersection of the orbit of a planet, planetoid, or
comet with the ecliptic, or of the orbit of a satellite with the plane of the orbit of its
primary. Also called ‘nodal point’.

That point at which the body crosses to the north side of the reference plane is called
the ascending node; the other, the descending node. The line connecting the nodes is
called line of nodes.

2. A point, line, or surface in a standing wave where some characteristic of the wave
has essentially zero amplitude.

The appropriate modifier should be used before the word ‘node’ to signify the type
that is intended; e.g., displacement node, velocity node, pressure node.

3. A terminal of any branch of a network or a terminal common to two or more branches
of a network. Also called ‘junction point’, ‘branch point’, or ‘vertex’.

Noise. — 1. Any undesired sound. By extension, noise is any unwanted disturbance with-
in a useful frequency band, such as undesired electric waves in a transmission channel
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or device. When caused by natural electrical discharges in the atmosphere noise may
be called ‘static’.

2. An erratic, intermittent, or statistically random oscillation.

It uncertainty exists as to the nature of the noise, a phrase such as ‘acoustic noise’
or ‘electric noise’ should be used.

Since the above definitions are not mutually exclusive, it is usually necessary to
depend upon context for the distinction.

Normal Mode of Vibration. — A mode of free vibration of an undamped system. In general,
any composite motion of a vibrating system is analyzable into a summation of its normal
modes, also called natural mode, ‘characteristic mode’, and ‘eigen mode’.

Nosecone. — The cone-shaped leading end of a rocket vehicle, consisting (a) of a chamber
or chambers in which a satellite, instruments, animals, plants, or auxiliary equipment
may be carried, and (b) of an outer surface built to withstand high temperatures gen-
erated by aerodynamic heating.

In a satellite vehicle, the nosecone may become the satellite itself after separating from the final stage
of the rocket or it may be used to shield the satellite until orbital speed is accomplished, then separating
from the satellite. See Shroud.

Nozzle. - Specifically, the part of a rocket thrust chamber assembly in which the gases
produced in the chamber are accelerated to high velocities.

Nuclear Fuel. — Fissionable material of reasonably long life, used or usable in producing
energy in a nuclear reactor.

Nuclear Radiation. — The emission of neutrons and other particles from an atomic nucleus
as the result of nuclear fission or nuclear fusion.

Nuclear Reactor. — An apparatus in which nuclear fission may be sustained in a self-
supporting chain reaction. Commonly called ‘reactor’.

Nucleus. — The positively charged core of an atom with which is associated practically
the whole mass of the atom but only a minute part of its volume.

A nucleus is composed of one or more protons and an approximately equal number of neutrons.

Octave. — The interval between any two frequencies having the ratio of 1:2.

The interval in octaves between any two frequencies is the logarithm to the base
2 (or 3.322 times the logarithm to the base 10) of the frequency ratio.

Orbit. — 1. The path of a body or particle under the influence of a gravitational or other
force. For instance, the orbit of a celestial body is its path relative to another body
around which it revolves. 2. To go around the earth or other body in an orbit.

Orbital Elements. — A set of 7 parameters defining the orbit of a satellite.

Orbital Period. — The interval between successive passages of a satellite.

Orbital Velocity. — 1. The average velocity at which an earth satellite or other orbiting
body travels around its primary. 2. The velocity of such a body at any given point in




-

its orbit, as in ‘its orbital velocity at the apogee is less than at the perigee’.
Order of Magnitude. - A factor of 10.

Two quantities of the same kind whick differ by less than a factor of 10 are said to be of the same order
of magnitude. *Order of magnitude’ is used loosely by many writers to mean a pronounced difference in
quantity on the basis of the context.

Orthogonal. — At right angles.

Otolith. — A small calcareous concretion located in the inner ear which plays a part in
the mechanism of orientation.

Outgassing. — The evolution of gas from a solid in a vacuum.

Oxidizer. ~ Specifically, a substance (not necessarily containing oxygen) that supports
the combustion of a fuel or propellant.

Ozonosphere. — The general stratum of the upper atmosphere in which there is an
appreciable ozone concentration and in which ozone plays an important part in the
radiative balance of the atmosphere. This region lies roughly between 10 and 50 km,
with maximum ozone concentration at about 20 to 25 km. Also called ‘ozone layer.’

Pad = Launch Pad.

Paraglider. — A flexible-winged, kite-like vehicle designed for use in a recovery system
for launch vehicles or as a reentry vehicle.

Parameter. - 1. In general, any quantity of a problem that is not an independent variable.
More specifically, the term is often used to distinguish, from dependent variables,
quantities which may be more or less arbitrarily assigned values for purposes of the
problem at hand. 2. In statistical terminology, any numerical constant derived from a
population or a probability distribution. Specifically, it is an arbitrary constant in the
mathematical expression of a probability distribution.

Part. — An element of a component, assembly or subassembly which is not normally
subject to further subdivision or disassembly for maintenance purposes. Examples are:

resistors, transformers, electron tubes, relays, etc.

Passive. — Reflecting a signal without transmission, as ‘Echo is a passive satellite’.
Contrasted with ‘active’.

Payload. — 1. Originally, the revenue-producing portion of an aircraft’s load, e.g.,
passengers, cargo, mail, etc. 2. By extension, that which an aircraft, rocket, or the
like carries over and above what is necessary for the operation of the vehicle during
its flight.

Peri. — A prefix meaning near, as in ‘perigee’.

Perigee. — That orbital point nearest the earth when the earth is the center of attraction.

That orbital point farthest from the earth is called ‘apogee’. Perigee and apogee are used by many
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writers in referring to orbits of satellites, especially artificial satellites, around any planet or satellite,
thus avoiding coinage of new terms for each planet and moon.

Pencil-Beam Antenna. — A unidirectional antenna, so designed that cross sections of the

major lobe by planes perpendicular to the direction of maximum radiation are approximately
circular.

Perihelion. — That orbital point nearest the sun when the sun is the center of attraction.
That orbital point farthest from the sun is called ‘aphelion’. The term ‘perihelion’
should not be confused with ‘parhelion’, a form of halo.

Period. — The interval needed to complete a cycle. Often used in reference to time of
complete orbit.

Perturbation. — Specifically, a disturbance in the regular motion of a celestial body, the
result of a force additional to those which cause the regular motion.

Photon. — According to the quantum theory of radiation, the elementary quantity, or
¢ quantum’ of radiant energy. It is regarded as a discrete quantity having a mass equal
to hv/c2, where h is Planck’s constant, v the frequency of radiation, and c the speed
of light in a vacuum.

Photon Engine. — A projected type of reaction engine in which thrust would be obtained
from a stream of electromagnetic radiation.

Although the thrust of this engine would be minute, it may be possible to apply it for extended periods
of time. Theoretically, in space, where no resistance is offered by air particles, very high speeds may be
built up.

Photosphere. — The intensely bright portion of the sun visible to the unaided eye. The
photosphere is that portion of the sun’s atmosphere which emits the continuous radiation
upon which the Fraunhofer lines are superimposed. In one sun model, the photosphere,
is thought to be below the reversing layer in which Fraunhofer absorption takes place.
In another model, all strata are considered equally effective in producing continuous
emissions and line absorption.

Pickoff. - A sensing device used in combination with a gyroscope in an automatic pilot or
other automatic or robot-apparatus, that responds to angular movement to create a signal
or to effect some type of control.

Pickup. — 1. A device that converts a sound, scene, or other form of intelligence into
corresponding electric signals (e.g., a microphone, a television camera, or a phono-
graph pickup). 2. The minimum current, voltage, power, or other value at which a
relay will complete its intended function. 3. Interference from a nearby circuit or
system.

Planck's Constant (abbr h). — A constant, usually designated h, of dimensions mass x
length? x time-1 equal to 6.6252 x 10-27 erg sec. It scales the energy of electro-
magnetic radiation of frequency v such that the radiation appears only in quanta nhv, n

being an integer.

’ . . . . . . .
Planck's Law. — An expression for the variation of monochromatic emittance (emissive
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power) as a function of wavelength of black-body radiation at a given temperature; it is
the most fundamental of the radiation laws.

Planet. — A celestial body of the solar system, revolving around the sun in a nearly
circular orbit, or a similar body revolving around a star.

The larger of such bodies are sometimes called *principal planets® to distinguish them from asteroids,
planetoids, or minor planets, which are comparatively very small.

An inferior planet has an orbit smaller than that of the earth; a superior planet has an orbit larger than
that of the earth. The four planets nearest the sun are called ‘inner planets®; the others, ‘outer planets®.
The four largest planets are called *major planets®. The word ‘planet’ is of Greek origin, meaning, literally,
wanderer, applied because the planets apnear to move relative to the stars.

Plasma. — An electrically conductive gas comprised of neutral particles, ionized particles
and free electrons but which, taken as a whole, is electrically neutral.

A plasma is further characterized by relatively large intermolecular distances, large
amounts of energy stored in the intemal energy levels of the particles and by the
presence of a plasma sheath at all boundaries of the plasma.

Plasmas are sometimes referred to as a fourth state of matter.

Plasma Engine. - A reaction engine using magnetically accelerated plasma as propellant.
A plasma engine is a type of electrical engine.

Plasma Jet. — A magnetohydrodynamic rocket engine in which the ejection of plasma
generates thrust.

Plasma Sheath. — 1. The boundary layer of charged particles between a plasma and its
surrounding walls, electrodes, or other plasmas.

The sheath is generated by the interaction of the plasma with the boundary material.
Current flow may be in only one direction across the sheath (single sheath), in both
directions across the sheath (double sheath), or when the plasma is immersed in a
magnetic field, may flow along the sheath surface at right angles to the magnetic field
(magnetic current sheath).

2. An envelope of ionized gas that surrounds a body moving through an atmosphere
at hypersonic velocities.

The plasma sheath affects transmission, reception, and diffraction of radio waves;
thus is important in operational problems of spacecraft, especially during reentry.

Pod. — An enclosure, housing, or detachable container of some kind, as: (a) an engine
pod, (b) an ejection capsule.

Polarization. — 1. The state of electromagnetic radiation when transverse vibrations take
place in some regular manner, e.g., all in one plane, in a circle, in an ellipse, or in
some other definite curve.

Radiation may become polarized because of the nature of its emitting source, as is
the casc with many types of radar antennas, or because of some processes to which it
is subjected after leaving its source, as that which results from the scaitering of sclar
radiation as it passes through the earth’s atmosphere.

Posigrade Rocket. — An auxiliary rocket which fires in the direction in which the vehicle
is pointed, used for example in separating two stages of a vehicle.
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Pound (abbr Ib). — 1. A unit of weight equal in the United States to 0.45359237 kilograms.
2. Unit of force, 1 pound defined as the force required to impart an acceleration of
1 ft/sec2 to a mass of 1 slug. 3. Specifically, a unit of measurement for the thrust or
force of a reaction engine representing the weight the engine can move, as an engine
with 100,000 pounds of thrust.

Power Spectral Density (abbr PSD). — Limiting mean square value (e.g., of acceleration,
velocity, displacement, stress or other random variable) per unit bandwidth, i.e., the
limit of the mean-square value in a given rectangular bandwidth, as the bandwidth
approaches zero.

In the random vibration phase of spacecraft environmental testing, PSD is expressed as g2/cps and is a
measure of the energy within a given frequency band.

Precession. — Change in the direction of the axis of rotation of a spinning body, as a
gyroscope, when acted upon by a torque.
The direction of motion of the axis is such that it causes the direction of spin of the
gyroscope to tend to coincide with that of the impressed torque. The horizontal compo-
nent of precession is called ‘drift’, and the vertical component is called ‘topple’.

Pressure (abbr p). — Force per unit area. As measured in a vacuum system, the quantity
measured at a specified time by a so-called vacuum gage, whose sensing element is
located in a cavity (gage tube) with an opening oriented in a specified direction at a
specified point within the system, assuming a specified calibration factor.

The sensitivity of the sensing element is in general not the same for all molecular
species, but the gage reading is frequently reported using the calibration factor for air
regardless of the composition of the gas. The opening to the gage tube is often care-
lessly oriented with respect to mass-flow vectors in the gas (which is seldom at rest),
and errors due to variations in wall temperatures of tube and system are frequently
neglected. The actual total pressure in a high-vacuum system cannot usually be
measured by a single gage, but in vacuum technology the term ‘total pressure’ is some-
times used to refer to the reading of a single untrapped gage which responds to conden-
sable vapors as well as permanent gases.

Pressurized. — Containing air, or other gas, at a pressure that is higher than the pressure
outside the container.

Prestage. — A step in the action of igniting a large liquid rocket taken prior to the ignition
of the full flow, and consisting of igniting a partial flow of propellants into the thrust
chamber.

Primary Body. — The spatial body about which a satellite or othex body orbits, or from
which it is escaping, or towards which it is falling.

The primary body of the moon is the earth; the primary body of the earth is the sun.
Primary Cosmic Rays. — High energy particles originating outside the earth’s atmosphere.
Primary cosmic rays appear to come from all directions in space. Their energy

appears to range from 109 to more than 1017 electron volts.

Probable Error (abbr pe). — In statistics, that value ep for which there exists an even
probability (0.5) that the actual error exceeds ep. The probable error ep is 0.6745
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times the standard deviation o.
The probable error is not ‘probable’ in the normal sense of the word.

Probability. ~ The chance that a prescribed event will occur, represented as a number
greater than zero but less than one. The probability of an impossible event is zero,
and that of an inevitable event is one.

Probe. - Any device inserted in an environment for the purpose of obtaining information
about the environment. Specifically, an instrumented vehicle moving through the upper
atmosphere or space or landing upon another celestial body in order to obtain information
about the specific environment.

Almost any instrumented spacecraft can be considered a probe. However, earth
satellites are not usually referred to as ‘probes’. Also, almost any instrumented
rocket can be considered a probe. In practice, rockets which attain an altitude of less
than one earth radius (4000 miles) are called ‘sounding rockets’, those which attain an
altitude of more than one earth radius are called ‘probes’ or ‘space probes’. Spacecraft
which enter into orbit around the sun are called ‘deep-space probes’. ' Spacecraft designed
to pass near or land on another celestial body are often designated ‘lunar probe’, ‘Martian
probe’, ‘Venus probe’, etc.

Prominence. — A filament-like protuberance from the chromosphere of the sun.
Prominences can be observed (optically) whenever the sun’s disk is masked, as during
an eclipse or using a coronagraph; and can be observed instrumentally by filtering in
certain wavelengths, as with a spectroheliograph. A typical prominence is 6,000 to
12,000 km thick, 60,000 km high, and 200,000 km long.

Propellant. - Short for ‘rocket propellant’.

Proton. — A positively-charged subatomic particle having a mass slightly less than that
of a neutron but about 1847 times greater than that of an electron. Essentially, the
proton is the nucleus of the hydrogen isotope 1H1 (ordinary hydrogen stripped of its
orbital electron). Its electric charge (+4.8025 x 10-10 esu) is numerically equal, but
opposite in sign, to that of the electron.

Protons and neutrons comprise atomic nuclei; they are both classed as ‘nucleons’.

Protonosphere. — The outer layer of the atmosphere where the main constituent is the
proton.

Prototype. — Spacecraft or element thereof which is undergoing or has passed environ-
mental and other tests (Design Qualification Environmental Tests) which qualify design
for fabrication of flight units or elements thereof. Compare flight unit.

Proving Stand. — A test stand for reaction engines, especially rocket engines.

Purge. — To rid a line or tank of residual fluid, especially of fuel or oxygen in the tanks
or lines of a rocket after a test firing oi simulated test firing.

q = Dynamic Pressure.

Quality. — The inherent or acquired characteristics of an item which when measured
against a standard or model establish the degree of conformity of the item to the
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standard or model. (The quality organization is responsible to top management on the
same basis as functions like engineering, manufacturing or procurement. The purpose
of the quality organization is the prevention of defects in the item being prepared.)

Quality Assurance. — A management monitoring and auditing function which confirms
through inspection and verification that effective quality control has been and is being
conducted, thus providing confidence that the end item will perform satisfactorily in
actual operations.

Quality Control. — A management function by which the conformance of material to
established standards and specifications is achieved, the quality and reliability of
materials are measured, and in the event of defects, corrective action is effected.
(This includes the control of raw materials, incoming articles, manufacturing prpcesses
and operations and the employee training and certification program.)

Quality Engineering. — A management function responsible for the development of Quality
Control and Quality Assurance Procedures to achieve the goals of a reliability program.
(Since the Control and Assurance Provisions will depend on the manufacturing process
which in turn is a function of the Engineering Design, these three quality activities
participate in Engineering Design Reviews.)

Quantization. — The process of converting from continuous values of information to a
finite number of discrete values.

Quiet Sun. — Descriptive of sun’s condition when number of sunspots is low and flare
activity is at a minimum. See Year of the Quiet Sun.

Radiation. — Short for ‘electromagnetic radiation’, ‘nuclear radiation’.

Radiation Pressure (abbr Pr). — Pressure exerted upon any material body when electro-
magnetic radiation is incident upon body.

This pressure is manifested whenever the electromagnetic momentum in a radiation
field is changed, and is exactly twice as great when the radiation is reflected at normal
incidence as it is when the radiation is entirely absorbed at normal incidence. The
magnitude of any radiation pressure effect is directly proportional to the intensity of
the radiation, and is very small by most standards.

On a perfectly reflecting surface Pr = v/3 where v = radiation density the amount of
radiative energy per unit volume in the space above the surface. Radiation pressure
has a perceptible effect on the orbit of earth satellites, especially those with a large
reflecting surface such as Echo.

Radiation Shield. — 1. A device used on certain types of instruments to prevent unwanted
radiation from biasing the measurement of a quantity. 2. A device used to protect
bodies from the harmful effects of nuclear radiation, cosmic radiation, or the like.

Radiator. - 1. Any source of radiant energy, especially electromagnetic radiation. 2. A
device that dissipates heat from something, as from water or oil, not necessarily by
radiation only.

Generally, the application of the terms ‘radiator’® (in sense 2) or ‘heat exchanger® to a particular apparatus
depends upon the point of view: If the emphasis is upon merely getting rid of heat, *radiator’® is most often
used, or sometimes ‘cooler’; if the emphasis is upon transferring heat, ‘heat exchanger® is used—but these
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distinctions do not always hold true.

Radiosonde. — A balloon-bome instrument for the simultaneous measurement and trans-
mission of meteorological data.

Random Vibration. — Vibration whose instantaneous magnitude cannot be predicted for
any given time. The instantaneous magnitudes of a random vibration are specified only
by probability distribution functions, giving the probable fraction of the total time that
the magnitude (or some sequence of magnitudes) lies within a specified range. Random
vibration contains no periodic or quasi-periodic constituents. See Gaussian Distribution.
Compare sinusoidal vibration and combustion resonance.

Random vibration is applied to a spacecraft in environmental testing to simulate one aspect of vibration
in the launch phase of space missions.

Reaction Control System. — A system of controlling the attitude of a craft when outside
the atmosphere by using jets of gas in lieu of aerodynamic control surfaces.

Reaction Engine. — An engine that develops thrust by its reaction to ejection of a sub-
stance from it; specifically, such an engine that ejects a jet or stream of gases created
by the burning of fuel within the engine.

A reaction engine operates in accordance with Newton’s third law of motion, i.e., to every action (force)
there is an equal and opposite reaction. Both rocket engines and jet engines are reaction engines.

Readout. — 1. The action of a radio transmitter transmitting data either instantaneously
with the acquisition of the data or by play of a magnetic tape upon which the data have
been recorded. 2. In computer operations to extract information from storage.

Readout Station. -~ A recording or receiving radio station at which data are received from a
transmitter in a probe, satellite, or other spacecraft.

Real Time. — Time in which reporting on events or recording of events is simultaneous
with the events.

For example, the real time of a satellite is that time in which it simultaneously reports its environment
as it encounters it; the real time of a computer is that time during which it is accepting data.

Recombination. — The process by which a positive and a negative ion join to form a
neutral molecule or other neutral particle.

Recovery. — The procedure or action that obtains when the whole of a satellite, or a
satellite instrumentation package, or other part of a rocket vehicle is recovered after
a launch; the result of this procedure.

Recycle. — In a countdown: To stop the count and to return to an earlier point in the

countdown, as in ‘we have recycied, now at T minus 80 and counting’. Compare hold.
In testing: to repeat a group or series of tests.

Reentry. — The event occurring when a spacecraft or other object comes back into the

sensible atmosphere after being rocketed to altitudes above the sensible atmosphere;
the action involved in this event.
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Reentry Vehicle. — A space vehicle designed to return with its payload to earth through
the sensible atmosphere.

Reentry Window. — The area at the limits of the earth’s atmosphere through which a
spacecraft in a given trajectory can pass to accomplish a successful reentry.

Regenerative Cooling. — The cooling of a part of an engine by the propellant being
delivered to the combustion chamber; specifically, the cooling of a rocket-engine
combustion chamber or nozzle by circulating the fuel or oxidizer, or both, around the
part to be cooled.

Regenerator. — A device used in a thermodynamic process for capturing and returning to
the process heat that would otherwise be lost. Also called ‘a heat exchanger’.

Relative Humidity (abbr rh). — The (dimensionless) ratio of the actual vapor pressure of
the air to the saturation vapor pressure.

Relativistic. ~ In general, pertaining to material, as a subatomic particle, moving at
speeds which are an appreciable fraction of the speed of light.

Relativity. — A principle that postulates the equivalence of the description of the universe,
in terms of physical laws, by various observers, or for various frames of reference.

Reliability. — The probability that a system, subsystem, component, or part will perform
its required functions under defined conditions at a designated time and for a specified
operating period.

Reliability Program. —~ A process designed to maximize chances for mission success by
establishing a high degree of confidence in the operation of systems, subsystems,
components, and parts through quality control.

Rendezvous. — The event of two or more objects meeting at a preconceived time and
place.

A rendezvous would be involved, for example, in servicing or resupplying a space station.

Resonance. — 1. The phenomenon of amplification of a free wave or oscillation of a
system by a forced wave or oscillation of exactly equal period. The forced wave may
arise from an impressed force upon the system or from a boundary condition. The
growth of the resonant amplitude is characteristically linear in time. 2. Of a system
in forced oscillation, the condition which exists when any change, however small, in
the frequency of excitation causes a decrease in the response of the system.

Resonant Frequency. — A frequency at which resonance exists.
In case of possible confusion, the type of resonance must be indicated; as ‘velocity

resonant frequency’.

Retrograde. — Having a direction contrary to that of the general course of planetary orbits.
Also, directed from east to west.

Retrorocket. — (From ‘retroacting’.) A rocket fitted on or in a spacecraft, satellite, or
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the like to produce thrust opposed to forward motion.

Reverberation Chamber. ~ An enclosure which has substantially complete sound reflection
over its boundaries. Contrast with anechoic chamber.

Revolution. — Motion of a celestial body in its orbit; circular motion about an axis usually
external to the body.

In some contexts the terms *revolution’ and *rotation® are used interchangeably; but with reference to the
motions of a celestial body, ‘revolution® refers to the motion in an orbit or about an axis external to the
body, while ‘rotation’ refers to motion about an axis within the body. Thus, the earth revolves about the
sun annually and rotates about its axis daily.

Rocket. — 1. A projectile, pyrotechnic device, or flying vehicle propelled by a rocket
engine. 2. A rocket engine.

Rocket Engine. — A reaction engine that contains within itself, or carries along with itself,
all the substances necessary for its operation or for the consumption or combustion of
its fuel, not requiring intake of any outside substance and hence capable of operation
in outer space. Also called ‘Rocket Motor’.

Rocket Propellant. — Any agent used for consumption or combustion in a rocket and from
which the rocket derives its thrust, such as a fuel, oxidizer, additive, catalyst, or any
compound or mixture of these. ‘Rocket propellant’ is often shortened to ‘propellant’.

Rocketsonde. - Meteorological rocket.
Roll. - The rotational or oscillatory movement of an aircraft or similar body which takes
place about a longitudinal axis through the body-called ‘roll’ for any amount of such

rotation.

Rotation. — Turning of a body about an axis within the body, as the daily rotation of the
earth. See Revolution.

Rumble. — A form of combustion instability, especially in a liquid-propellant rocket
engine, characterized by a low-pitched, low-frequency rumbling noise; the noise made
in this kind of combustion.

Satellite. — 1. An attendant body that revolves about another body, the primary; especially
in the solar system, a secondary body, or moon, that revolves about a planet. 2. A man-
made object that revolves about a spatial body, such as Explorer I orbiting about the

earth.

Screaming. — A form of combustion instability, especially in a liquid-propellant rocket
engine, of relatively high frequency and characterized by a high-pitched noise.

Scrub. ~ To cancel a scheduled rocket firing; either before or during countdown.

Secondary Cosmic Rays. — Secondary emission in the atmosphere stimulated by primary
cosmic rays.

Secular. — Of the nature of a long enduring process.
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For example, the long term deviations in the surface magnetic field of the earth, which are in the magnitude
of two tenths of one per cent per year, are called the secular change in the magnetic field.

Selenocentric. — Relating to the center of the moon; referring to the moon as a center.

Selenographic. — 1. Of or pertaining to the physical geography of the moon. 2. Specifi-
cally, referring to positions on the moon measured in latitude from the moon’s equator
and in longitude from a reference meridian.

Sensible Atmosphere. — That part of the atmosphere that offers resistance to a body
passing through it. See Effective Atmosphere.

Sensor. — The component of an instrument that converts an input signal into a quantity
which is measured by another part of the instrument. Also called ‘sensing element’.

Service Tower = Gantry Scaffold.

Shaker. — An electromagnetic device capable of imparting known, and/or controlled
vibratory acceleration to a given object.

Shield. — Short for ‘radiation shield’; ‘heat shield’.

Shot. — An act or instance of firing a rocket, especially from the earth’s surface, as ‘the
shot carried the rocket 200 miles’.

Shroud. — The nosecone of a space vehicle when it is used only as a shield for passage
through the atmosphere from launch to orbit. It is usually jettisoned when orbital speed
is achieved.

Sidereal. — Of or pertaining to the stars.

Sinusoidal Vibration. — An example of harmonic motion such that when the displacement
of the body is plotted as a function of time, the plot produces a circular sine wave.
Compare random vibration and combustion resonance.

In the sinusoidal vibration phase of spacecraft environmental testing, the specified range of frequencies
is swept at prescribed rates. Constant acceleration is maintained by varying the input force.

Swept sinusoidal vibration simulates one aspect of the vibration experienced by spacecraft in the launch
phase of space missions.

Sloshing. — The back-and-forth splashing of a liquid fuel in its tank, creating problems of
stability and control in the vehicle.

Slug. — A unit of mass; the mass of a free body which if acted upon by a force of 1 pound
would experience an acceleration of 1 foot per second per second.

Slurry. — A suspension of fine solid particles in a liquid

Soft Radiation. — Radiation which is absorbed by an absorber equivalent to 10 centimeters
of lead or less.
Radiation which can penetrate more than 10 centimeters of lead is termed ‘hard
radiation’.




Solar Cell. — A photovoltaic device that converts sunlight directly into electrical energy.

Solar Cons.ant. — The rate at which solar radiation is received -on a surface perpendicular
to the incident radiation and at the earth’s mean distance from the sun, but outside the
earth’s atmosphere.

Solar Radiation. — The total electromagnetic radiation emitted by the sun.

Solar Simulator. — A source of light which is designed to simulate the intensity and spectrum
of the sun.

In spacecraft environmental testing, it is usually used in conjunction with a vacuum chamber in order to
simulate the sun’s effect on spacecraft in the vacuim of space.

Solar Wind. — A stream of protons constantly moving outward from the sun.

Solid Propellant. — Specifically, a rocket propellant in solid form, usually containing both
fuel and oxidizer combined or mixed and formed into a monolithic (not powdered or
granulated) grain. See Rocket Propeliant and Grain.

Solid-Propellant Rocket Engine. — A rocket engine using a solid propellant. Such engines
consist essentially of a combustion chamber containing the propellant, and a nozzle for
the exhaust jet, although they often contain other components, as grids, liners, etc. See
Rocket Engine and Solid Propellant.

Sophisticated. — Complex and intricate; making use of advanced art; requiring special
skills to operate.

Sounding. — 1. In geophysics, any penetration of the natural environment for scientific
observation. 2. In meteorology, same as upper-air observation. However, a common
connotation is that of a single complete radiosonde observation.

Sounding Rocket. — A rocket designed to explore the atmosphere within 4,000 miles of
the earth’s surface.

Space. — 1. Specifically, the part of the universe lying outside the limits of the earth’s
atmosphere. 2. More generally, the volume in which all spatial bodies, including the
earth, move.

Space-Air Vehicle. — A vehicle that may be operated either within or above the sensible
atmosphere.

Spacecraft. — Devices, manned or unmanned, which are designed to be placed into an orbit
about the earth or into a trajectory to another celestial body.

Space Equivalent. — A condition within the eaith’s atmosphere that is virtually identical,
in terms of a particular function, with a condition in outer space.

For example, at 50,000 feet the low air pressure and the scarcity of oxygen create a condition, so far as
respiration is concerned, that is equivalent to a condition in outer space where no appreciable oxygen is
present; thus, a physiological space equivalent is present in the atmosphere.
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Space Probe. — See Probe.

Space Simulator. — A device which simulates some condition or conditions existing in
space and used for testing equipment, or in training programs.

Space System. — A system consisting of launch vehicle(s), spacecraft and ground support
equipment.

Space Vehicle. — A launch vehicle and its associated spacecraft.

Specific Impulse. — A performance parameter of a rocket propellant, expressed in seconds,
and equal to thrust (in pounds) divided by weight flow rate (in pounds per second). See
Thrust.

Spectrometer. — An instrument which measures some characteristics such as intensity,
of electromagnetic radiation as a function of wavelength or frequency.

Spectrum. — 1. In physics, any series of energies arranged according to wavelength (or
frequency); specifically, the series of images produced when a beam of radiant energy,
such as sunlight, is dispersed by a prism or a reflecting grating. 2. Short for ‘electro-

magnetic spectrum’ or for any part of it used for a specific purpose as the ‘radio spectrum’
(10 kilocycles to 300,000 megacycles).

Sputtering. — Dislocation of surface atoms of a material bombarded by high-energy atomic
particles.

Stage. — A propulsion unit of a rocket, especially one unit of a multistage rocket, including
its own fuel and tanks.

Stage-and-a-Half. — A liquid-rocket propulsion unit of which only part falls away from the
rocket vehicle during flight, as in the case of booster rockets falling away to leave the
sustainer engine to consume remaining fuel.

Standard Atmosphere. — 1. A hypothetical vertical distribution of atmospheric temper-
ature, pressure, and density which, by agreement, is taken to be representative of the
atmosphere for purposes of pressure altimeter calibrations, aircraft performance
calculations, aircraft and rocket design, ballistic tables, etc.

2. A standard unit of atmospheric pressure exerted by a 760 mm column of mercury
at gravity (980.665 cm/sec?2) at temperature 0°C.
One standard atmosphere = 760 mm Hg
= 29.9213 in. Hg
=1013.250 mb

Static Balance. — The absence of displacement of the center of gravity from the spin or
thrust axis of a spacecraft. During spacecraft environmental testing, weights are added
or shifted to attain a close approximation of this condition while spacecraft is stationary.
Contrast with dynamic balance.

Stationary Orbit. — An orbit in which an equatorial satellite revolves about the primary

at the same angular rate as the primary rotates on its axis. From the primary, the
satellite thus appears to be stationary over a point on the primary.
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Stefan-Boltzmann Law. — One of the radiation laws which states that the amount of energy
radiated per unit time from a unit surface area of an ideal black body is proportional to
the fourth power of the absolute temperature of the black body.

Strain Gage. — An instrument used to measure the strain or distortion in a member or test
specimen (such as a structural part) subjected to a force.

Structural Model Test. — Tests prior to design qualification which subject the structural
model of the spacecraft to exposures of spin, acceleration, and vibration at design
qualification level to establish confidence in the structural design.

Subassembly. — An assembly within a larger assembly.

Subsystem. — A functioning entity within a major system (launch vehicle, spacecraft, etc.)
of a space system such as propulsion subsystem of a launch vehicle or attitude control
subsystem of a spacecraft. Also considered a system.

Sudden lonospheric Disturbance. — (Often abbreviated SID). A complex combination of
sudden changes in the condition of the ionosphere, and the effects of these changes.

Sunspot. ~ A relatively dark area on the surface of the sun, consisting of a dark central
umbra surrounded by a penumbra which is intermediate in brightness between the umbra
and the surrounding photosphere.

Sunspots usually occur in pairs with opposite magnetic polarities. They have a life-
time ranging from a few days to several months. Their occurrence exhibits approximately
an eleven year period (the sunspot cycle).

Sunspot Cycle. — A cycle with an average length of 11.1 years, but varying between about
7 and 17 years, in the number and area of sunspots, as given by the relative sunspot
number. This number rises from a minimum of 0-10 to a maximum of 50-140 about four
years later, and then declines more slowly.

An approximate 11-year cycle has been found or suggested in geomagnetism, frequency
of aurora, and other ionospheric characteristics.

Eleven-year cycles have been suggested for various tropospheric phenomena, but none
of these has been substantiated.

Sustainer Engine. - An engine that maintains the velocity of a missile rocket vehicle
once it has achieved its programmed velocity by use of booster or other engine.

This term is applied, for example, to the remaining engine of the Atlas after the two
booster engines have been jettisoned. The term is also applied to a rocket engine used
on an orbital glider to provide the small amount of thrust now and then required to
compensate for the drag imparted by air particles in the upper atmosphere.

Sweep. — The motion of the visible dot across the face of a cathode-ray tube, as a result
of scanning deflection of the electron beam.

Synchroneus Satellite. — An equatorial west-to-east satellite orbiting the earth at an
altitude of 22,300 statute miles at which altitude it makes one revolution in 24 hours,

synchronous with the earth’s rotation.

System. — 1. An organized arrangement in which the operational results of two or more
functioning entities can be predicted.
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2. Used in term, space system, to mean the launch vehicle, spacecraft and ground
support used in a space launch and flight.

3. One of major subdivisions of a space system, such as launch vehicle, spacecraft,
or ground support system.

4. One of major functioning entities within a major subdivision of a space system,
such as the guidance system of a launch vehicle or the attitude control system of a
spacecraft.

In sense 4, synonymous with subsystem.

Systems Integration. — The management process by which the systems of a project (for
example, the launch vehicle, the spacecraft, and its supporting ground equipment and
operational procedures) are made compatible, in order to achieve the purpose of the
project or the given flight mission.

Telemetry. — The science of measuring a quantity or quantities, transmitting the measured
value to a distant station, and there interpreting, indicating, or recording the quantities
measured.

Terminator. — The line separating illuminated and dark portions of a nonluminous body,
as the moon.

Terrestrial. — Pertaining to the earth.

Test. — A procedure or action taken to determine under real or simulated conditions the
capabilities, limitations, characteristics, effectiveness, reliability, or suitability of a
material, device, system, or method.

Test Chamber. — A place, section, or room having special characteristics where a person
or object is subjected to experiment, such as an altitude chamber; specifically, the test
section of a wind tunnel.

Test Stand. — A stationary platform or table, together with any testing apparatus attached
thereto, for testing or proving engines, instruments, etc. See Proving Stand.

Thermal. — Pertaining to heat or temperature.

Thermocouple. — A temperature-sensing element which converts thermal energy directly
into electrical energy. In its basic form it consists of two dissimilar metallic electrical
conductors connected in a closed loop. Each junction forms a thermocouple.

If one thermocouple is maintained at a temperature different from that of the other,

an electrical current proportional to this temperature difference will flow in the circuit;
the value of this proportionality varies with materials used. For meteorological purposes,
couples of copper and constantan are frequently used which generate approximately 40
microvolts per °C of couple temperature difference.

Thermodynamic. — Pertaining to the flow of heat or to thermodynamics.
Thermodynamics. — The study of the relationships between heat and mechanical energy.

Thermonuclear. — Pertaining to a nuclear reaction that is triggered by particles of high
thermal energy.
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Thrust. — 1. The pushing force developed by an aircraft engine or a rocket engine.
2. Specifically, in rocketry, the product of propellant mass flow rate and exhaust
velocity relative to the vehicle.

Tore or Torus. — In geometry the surface described by a conic section, especially a circle,
rotating about a straight line in its own plane or the solid or revolution enclosed by
such a surface. Hence, the extended sections of a manned space laboratory, having a
generally circular configuration and rotating around a stationary central section.

Torr. (From Torricelli). — Suggested intemational standard term to replace the English

term ‘millimeter of mercury’ and its abbreviation ‘mm of Hg’ (or the French ‘mm de Hg”).
Both ‘Tor’ and ‘Torr’ have been used in Germany, the latter spelling being more

common and the one officially adopted by the German Standards Association. The ‘Torr’
is defined as 1/760 of a standard atmosphere or 1,013,250/760 dynes per square cen-
timeter. This is equivalent to defining the ‘Torr’ as 1333.22 microbars and differs by
only one part in seven million from the Intemational Standard millimeter of mercury. It
is recommended that ‘Torr’ not be abbreviated. However, the abbreviation r has been
used. The prefixes ‘milli’ and ‘micro’ are attached without hyphenation.

Tracking. — The process of following the movement of a satellite or rocket by radar, radio,
and photographic observations.

Trajectory. — In general, the path traced by any body, as a rocket, moving as'a result of
externally applied forces.

Trajectory is loosely used to mean *flight path® or ‘orbit®.

Transducer. — A device capable of being actuated by energy from one or more transmission
systems or media, as a microphone, a thermocouple, etc.

Transfer Orbit. — In interplanetary travel an elliptical trajectory tangent to the orbits of
both the departure planet and the target planet.

Transit. — 1. The passage of a celestial body across a celestial meridian; usually called
‘meridian transit’. 2. The apparent passage of a celestial body across the face of
another celestial body or across any point, area, or line.

Translunar. — Of or pertaining to space outside the moon’s orbit about the earth.

Transmissibility. — The ratio of the response amplitude of a system in steady-state forced
vibration to the excitation amplitude, the ratio may be one of forces, displacements,

velocities, or accelerations.

Transponder. — A combined receiver and transmitter whose function is to transmit signals
automatically when triggered by an interrogating signal.

Transponder Beacon. — A beacon having a transponder.
T-Time. —~ Any specific time, minus or plus, as referenced to ‘zero’, or ‘launch’ time,

during a countdown sequence that is intended to result in the firing of a rocket propulsion
unit that launches a rocket vehicle or missile.
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Troposphere. ~ That portion of the atmosphere from the earth’s surface to the tropopause;
that is, the lowest 10 to 20 km of the atmosphere. The troposphere is characterized by
decreasing temperature with height, appreciable vertical wind motion, appreciable water
vapor content, and weather. Dynamically, the troposphere can be divided into the
following layers: surface boundary layer, Ekman layer, and free atmosphere.

Ullage. — The amount that a container, such as a fuel tank, lacks of being full.

Ultraviolet Radiation. — Electromagnetic radiation shorter in wavelength than visible
radiation but longer than X-rays; roughly, radiation in the wavelength interval between
100 and 4000 angstroms.

Ultraviolet radiation from the sun is responsible for many complex photochemical reactions characteristic
of the upper atmosphere, e.g., the formation of the ozone layer through ultraviolet dissociation of oxygen
molecules followed by recombination to form ozone.

Umbilical Cord. — Any of the servicing electrical or fluid lines between the ground or a
tower and an upright rocket missile or vehicle before the launch. Often shortened to
‘umbilical’.

Upper-Air Observation. — A measurement of atmospheric conditions aloft, above the effective
range of a surface weather observation. Also called ‘sounding’, ‘upper-air sounding’.

Van Allen Belt, Van Allen Radiation Belt. — [For James A. Van Allen, 1915-.] The zone
of high-energy particles surrounding the earth beginning at altitudes of approximately
1000 kilometers.

The Van Allen belt is composed of protons and electrons temporarily trapped in the
earth’s magnetic field. The concentration varies with the distance from the earth.

Vehicle. — Specifically, a structure, machine, or device, such as an aircraft or rocket,
designed to carry a burden through air or space; more restrictively, a rocket craft.

This word has acquired its specific meaning owing to the need for a term to embrace all flying craft,
including aircraft and rockets.

Vehicle Control System. — A system, incorporating control surfaces or other devices,
which adjusts and maintains the altitude and heading, and sometimes speed, of the
vehicle in accordance with signals received from a guidance system.

The essential difference between a control system and a guidance system is that the
control system points the vehicle and the guidance system gives the commands which
tell the control system where to point. However, the control system maintains the
instantaneous orientation of the vehicle without specific commands from the guidance
system.

Vernier Engine. — A rocket engine of small thrust used primarily to obtain a fine adjustment
in the velocity and trajectory of a ballistic missile or space vehicle just after the thrust
cutoff of the last propulsion engine, and used secondarily to add thrust to a booster or
sustainer engine. Also called ‘vernier rocket’.

Vertical. — The direction in which the force of gravity acts.

Viscous Damping. — The dissipation of energy that occurs when a particle in a vibrating
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system is resisted by a force that has a magnitude‘proportional to the magnitude of the
velocity of the particle and direction opposite to the direction of the particle.

Visible Radiation. — Electromagnetic radiation lying within the wavelength interval to
which the human eye is sensitive, which is from approximately 0.4 to 0.7 micron (4000
to 7000 angstroms). This portion of the electromagnetic spectrum is bounded on the
shortwavelength end by ultraviolet radiation, and on the longwavelength end by infrared
radiation.

Waiver. — Granted use or acceptance of an article which does not meet specified require-
ments.

Waveguide. — A system of material boundaries capable of guiding electromagnetic waves.
Weight. — The force with which an earth-bound body is attracted toward the earth.

Weightlessness. — Besides describing the absence of gravity, this term is also used to
describe a condition in which no acceleration, whether of gravity or other force, car be
detected by an observer within the system in question.

Any object falling freely in a vacuum is weightless, thus a satellite orbiting the earth is ‘weightless®
although gravity effects its orbit. Weightlessness can be produced within the atmosphere in aircraft flying
a parabolic flight path.

White Noise. — A noise whose power spectral density is substantially independent of
frequency over a specified range. See Power Spectral Density.

X-Ray. — Electromagnetic radiation of very short wavelength, lying within the wavelength
interval of 0.1 to 100 angstroms (between gamma rays and ultraviolet radiation, ‘Roentgen
ray’).

X-rays penetrate various thickness of all solids and they act upon photographic plates in the same
manner as light. Secondary X-rays are produced whenever X-rays are absorbed by a substance, in the
case of absorption by a gas, this results in ionization.

Yaw. — 1. The lateral rotational or oscillatory movement of an aircraft, rocket, or the
like about a transverse axis. 2. The amount of this movement, i.e., the angle of yaw.

Year of the Quiet Sun. — Eleven year low period in solar activity which is expected

between April, 1964 and December, 1965. The international program for maximum
observation and research in this interval is termed International Year of the Quiet Sun

(IQSY).

Zenith. — That point of the celestial sphere vertically overhead.
The point 180° from the zenith is called the ‘nadir’.

Zero G = Weightlessness.

A-47



B-i

: INTERNATIONAL LOG
: OF SPACE LAUNCHES



oup 's2010i0qu 200 % "N °€ 104 ‘00T FDVAS 'LLS woy pronposdsy (ousiN

g

ol oBUHIUE Iy Wd S13494 Burouno”) a1 jeis. A S i

‘ . T E e e m o ooy ,, L., WDUDY SIBSIN SHUDLY SHNY : SBIYBA ISR AL,

(usys) y1g40 anjos uy :oqoud soun [ 40g1'0 | NV ZVLL | ««NV 148670 | SAOP 86¢ | €L f| ounp WY | 6561 € youoN YSYN ON 6561 p 199u0ig
d - .
‘a6l R_u.hn M“Ho o “u,u_.....un 0'06 Lop ¥81 96 00§l | v ousby-ioyy | @ivA | 6561 ‘8z 904 vday o19g 6561 | Ja13400510
(weyts) nquo vy | 6°76/6°28 | 6£02/9907 | 8ve/ive |2 szi/6sIl]| 2z pionBuop uwy | 65612t 994 VYSYN 1 o4d1y 6661 Z pionbunp
(1uais) 1qso aojos uy :oqoud 3ounJ [ 41100 | NV SIEL | «sNV 99260 | SAopOsy | Spze umowyuy — Tumowyun ™ 6561 'z or assn W 66561 [ qruny
(sop pE) 6561 "1 uor permue-ay |  gzg V16 Sit 10l 0548 soiy uwy | 861 ‘8L 2% vduv 0i5Z 8561 #103¢ 129loig
40 apn}1i|D payanes nooa._._u.uohmum::mnw - - - h— £l 1] oung t-LAJ 8561 ‘9 29q VSVN duoN € Ja3uoig
40 9pnyti|o paysoes uoauw.h_“_.maena_ - - - — {8 dqy-104) WY 8561 ‘8 AoN VSVN SuoN { 1eauoly
uqio o) papog | — — — — 82 J seydng uWY | 8561 ‘62 %0 YSYN auoy | uod0ag
J0 9pnis|o paysnas ﬂ._v_“.._mﬁ.m_ — — — — v8 siqv-oyr | ¥Wy | 856111 490 VSYN auop | 100u0rg
Hgio of paprog [ — — — — 73 pionBunp uWY | 8561 ‘92 1dog NSn auoN g AS pionBuny
1950 o) pojrog | — — — — 8¢ 3 saydnf uwy | 8561 ‘pz By vdav auop § sai0dxg
1410 o4 pajioy ieqoid souny | — — - — |, o9v-our | uwy | gséLzidey | dvsn ouoN sl L Dy
($40p pSy) 6561 ‘€2 420 pasoiuo-ay | |05 sl £91 roLt 8¢ 2 s94dny awy | 856l ‘9z Ainr vday uojisd3 gg61 p s010dx3
11940 04 poprog | — — — — u pionbuoy uWY | 8561 ‘9z ounr Nsn auoN HZ AS pionbuop
4qi0 o pajiog | — — — — [ p40nBupp uWY | 8561 'Lz Aow NSN suoN 31 A1S pionBunp
(s%op 269) 0961 9 1Ay passiue-oy | 769 8911 ot 2501 S262 umouyuy  jumouyun | gg6l ‘Sl Aow ASSN 7 0413Q 9561 £ Yrundg
1910 0) pajiog | — — — e 72 pionBuoy Uy | sl ‘8z 11dy NSn auoN +§ AL pionbuoy
(s4op p6) §561 97 sunf peseius-ey | S gg 6641 211 LyLl 1 D eudng uWY [ 8561 92 yoioW vsn owwog g6 g so101dxg
(oai0) wguo wi TZ'pe/eve | wvbZ/Z9vZ | 80P/SOF |8 ECL/EPEL| € pionBuny WY | 8561 “£1 yoroW NSO Z o108 8561 L ponBuoy
#qio oy pajiog | — — —_ — € 2 saydng UNY | 8561 'S yorow ¥sn auoy Z sai0(dxg
d D
11920 0} pajiog —_ — —— — € pionbuop WY 8561 'S 994 NS suoN W >._.=“_uuh_a:u>
{suoy1s) ngao up [ Z'ge/° €6 | £vOL/PESI wevee [esov/evil] e 3 sopdng WY | 8561 ‘1€ vor vsn oyd)y 8561 | 1a10)dx3
1qi0 o) pejiog | — — — — € pionBuoy dWY | 5619 20 Nsn auoN £ AL pionBuop
(s4op 791) 8561 ‘p1 1udy pessiuaay | £59 8£01 i Z€0t 0zL1 usowqun — fumouyun| 7561 ‘g AN ¥ssn olog /661 7 Yiuindg
(sAop £5) (561 | 29 passue-ay | 59 886 i 79 v81 umouyuny  [umowqun | £561 'y 430 ussn Z oydy /661 [ Yuindg
6o 4 | poriag q

Viva iv1iiddo e v v1iva HONNVA

+ SIHONNVTT 3OVdS 40 90T - TVNOILYNHILN]

B-1




“ouj *sapiornioquy 290d§ ‘b "ON ‘€ ‘194 ‘90T AIVdS TLS woy paonposday ouIoN o

oudyise aw wosy HoouYY S1uf) jod1wouousy 4, 9190311dd0 10 1¥/N iy SPPIeA Burgouno sujieiog ATS 4
rojos ut ioqoid Ammemdronay | WSEE | Y660 | wany 19080 | sopguig | g6 siqy-ous | HWY | 0961 ‘LL oW | (O459) YSYN|  o4dIv 0961 g sauorg
Mg o4 pajing|  — — — — S€ v ousby-souy | MWV | 0961 ‘9Z 924 4vsn JuoN 1 sopiw
135140 K1ajos abuos Aq pakossaq _— — —_ —_— 001 | vouaby-loy} | g4vA | 0961 ‘61 934 4vsn auoN 0l :@19a0381Q
i1qi0 oy pajiog|  — — — — 0041 | vousby-loys | gdvA | 0961 'y 934 4vsn auoN 6 1019403519
JUO1

11940 04 3|10} :3qosd soun] —_ —_ — —_ 1743 3|qy-sopy Wy 6561 ‘9T AON VSYN auoN v?”_h<..m_w_.<

’ — n *
{5409 011 0961 '8 ymoow posesu-ay| 908 zeot 0zt £E01 | 00LL | vousby-oqp | @4vA | 6561°0Z 0N | dvsn opquoy 6561 g 113003510
..o..M“Nw_M%“M a_._oww_mwoo.u:mm“.hu_ﬂ 918 615 66 996 001 | v ousby-io4l | GAVA | 6561 °L AON vdyy oddoy 6561 L #1ar0351Q
(+ua)1s) n1qio vl | €£°06/€°05|  8§9/9£9 pSE/VE | UOL/Z'I0L] T6 I} ount WY | 6561 ‘€L 420 | (D459) YSYN L 240] 6561 (of-§; £ sas0ydx3y

(s4op 661)
0961 ‘0Z 114dy pasajua-a1 “4iquo yiuoa | g'9/ 6€¥°162 £52'sT skopZ'91 | ¥19 umowpufy [ umowyun| G610 'y $30 assn %34 6561 € puny
OJuj UOOW pPunoo Eun_& "uao.a JounT]
(suayis) yquo ul | £'€E/E'EE|  10€2/62€2 ZEE/LLE  {L6TL/TOEL] 00L pionbuog YWY | 6561 ‘81 1435 | (D359) YSYN 243 6561 € pionbuny
quo oy pajiog | — — - — 74 3|qy-,04L YWY [ 6561 L1 ¥das vdyv auoN Vi ssuniy
= 5 :

dos voo v prsotun tapbos s | /N /N YN WY/N | 858 | umowqon | umouwyun| gser‘zides | wssn IX 6561 z pum

41840304 ou ‘payoala s|nsdos . . R

!(s4o ‘07 430 pIiajua-a - !

(skop £9) 6561 ‘07 40 posewuo-ay | 078 82§ 1€t 7s6 001 | v ousby-ioyl | g4VA | 6561 ‘61 Bay vdav D437 6561 9 12130351
41qu0 0y pajiog [ — — — — v8 11 ounf WY | 6s61‘pL Bry VSYN auoN 7 uodnag

+1q40 aypindas ojuy padsis 9ynsdod . . 5 ,
{(shop 7p) 6561 ‘87 1dag passwue-ay | 008 95 Sl L'v6 00ZL | yousby-ioy) [ @4vA | 6561 °€l Bay vday 1 uo1sd3 6561 § 131340351
1961 “Ajof o4 s011d pasayua-ay | 0Ly 99€°9Z 151 892 £rl ajqy-s0y) YWY | 656l "L Bay | (D4S9) YSYN| 1 o430 6561 (Z-5) 9 w101dx3
1931540 A}9yos abuni Aq padonsaq —_— —_— _ —_ 6 || ounp AWY 6561 ‘91 Ainp YSYN JuoN 123l0ag sas0)dxg
Mqio o) pajing | — — — — 0041 | v ousby-ioy) [ GIVA | 6561 'ST unr vdav auoN p s21300351Q
Hquo o) pajiog |  — — — — £ pioabuop YWY [ 6561 ‘2z aunr YSVN auoN #9 ATS psonbuoy
Hgqio oy pajiog | — — — — 009t | vousby-ioyl | ddVA | 6561 ‘€ dunf vday auoN g 1010403510
41910 0} pajing — — — — 14 pionBuop AWY | 6561 €L 1Mdy VSYN uoN g ATS pionbuoy

41340231 ou ‘pajoala ansdod . ) 5 )
(shop £1) 6561 ‘97 |1dy pasatua-ay | 006 144 1491 9'06 0091 | vouaby-soyp | adyA | 6561 ‘€1 11dy vday ouiwog 6661 7 1319n0331Q

Viva IvLiigy0 LNIJAND TVILING

(AQLNOD) ,STHONNVTT 3IOVdS JO 907 TTVNOILVNAILN]




ou] ‘sapioinioqn] 200ds *p “oN ‘€ 104 ‘90T FIVAS LS wos paonpouday ooy o

o o310, iy 93 oA ” VAL ;
mionbe iy wouy n.caov ...2.2:» - .6 m pudye; u.ﬂ.w;«; zn% :
u-:& cu_..u.u seetiody puo seByg ¢ ; ojjentayauiod tvd : S iy :
sojnus tpoieg BULY STISEIN IUUBHY IHNY s RN R : | .
d
s4op gp) o.ww_s %N.uun._am..hun“.um 618 P19 £l 9 001z | g ousBy-oyr | gdva | 0961 °ztaoN | dvsn voIaNQ 0961 L1 191940331
Gusl1®) 490 U1 |0°06/0°05 | €0vl/zerl | 292/582 | vell/Zell] 06 It ounr YWY | 0961 '€ AN | (0459) VSYN | 1'X 0961 {0€-5) 8 0018%3
Hqio o peing | — — — — 001z | @ oueby-oyl | 83VA | 0961 9250 | 4Vsn 200N g1 1eiea0d3iq
41940 0} pa|1p) :0goid sioN —_ —_ — —_— umouyupy|  umouyupn umowyun) | 0961 ‘¥L 20 qSSN suopN suoN
uqio o pejiog | — — — — 001y | v ousby-sopy|  vd | 0961°11+50 | _ dvsn svoN { sowog
1440 o4 pojioy :eqosd sioy —_ _— —_— — umouyuny [  umowyun [umowyun | 0961 ‘01 420 a$ssn suoN auoN
(ueps) ugio u) | y'ez/e82 | 194/49L | £65/985 | 690L/6'901] 005 | 1045 [9V-04L| WWY | 09617 120 vsn L "N 0961 g[ sty
1440 o) pajioy ieqod souny [ — — — — 85 | eqv-souy | Wy | 096L'szides | wswN suoN Voo
A g d
K(3Aop SE) 0961 ‘8L 190 pesejue-ay | 608 69% szt 6 001 | vousby-ioyy | gdva | 0961 '€t sdes |  Avsn W 0961 g1 101000381Q
pUD| UD peJsACS K K s 18 d
Khop 1] 0961 ‘oz by peseuesy | 679 e 061 06 0z1'01] umowyun | umowqun | 0961 ‘6L By | wssn L oPqus] 0961 § Nuindg
uqio of papiog | — = — — 005 | 'ois o|qyo4L| aWY | 0961 '8LEY | Vduv suoN V1 ety
d
(skop 62) 0961 ‘91 ideg porejue-ey | 96L 20 €1l $96 | 001 | vousby-oyr | gdvA | 0%L°sLBey | dvsn oddoy 0961 pL seisn0351q
(ue1%) nqio ) |E'Zp/T2r | 9WZL/ZS01 | 88S/1v6 | vSLL/ZBLL| 991 oiyeq WY | 0961 2L B0y | (0d459) VSYN | L owoj 0961 ]
upedo EO.; v.-.>ou.h ._:OQUU . . ’
(340p 96) 0961 'p) AON peiswa-ay | 928 34 £51 L'v6 00LL | vouedy-oyp | GJVA | 0961 ‘0L By 4vsn vieyl 0961 £1 4010400510
ugio o) pajiog | — — — — 0041 | v ousby-oyr | gdva | 0961 °6z%unr | dvsn suoN 71 1wer0an1q
@ue)is) nigio vl [£99/8°99 | 099/489 | LLE/28€ |9 0L/9 01| 2F ] . 7 13 0961 L 9919
(puowwod uodn eaio0) qio uj 7'99/2°99 | 199/599 | we/ese |9 lol/cwoL] gzg | 'S N1VCUL[ WY ] 096172z sur NN [ 23 0961 vz dtsuo]
ue1s) 119w ) | 0°EE/0°€E | p2E/1ZE 182/66__| Z¥&/776 | 0005 | v ousby-soliy| WWY | 0961 pZ A°W | dvsn L %i9Z 0961 Z SopIW
(s4op £y9) 2961 ‘s 1des peisius-ey | 69 373 vl tl6 800°01]  umouwyun | umowyun | 0961 ‘5L APH assn w1543 0961 y uinds
1qi0 o) poyiog | — — — — Zel oijeq UNY | 0961 ‘€L AoW | (0ds59) YSVN suoN oy33 i2eloig
£ ’ d
Hskop :.v.muwn..um _B.u.,.. ."“"..om 108 si¢ £ot £ 001 | vousby-ioyl | @dvA |0961°Stimdy | dvsn oijeq 0961 11 10a0351q
Guepis) uquo u) [Z1S/E°1S | VAE/E9r | OLZ/Z6C | EP6/8S6 | S9L | “ois Mav-o4L| WMWY | 0961 ‘€L 1MAY|  vduv 7 wiiog 0961 TRIEN
Qualis) uqio | [y'8r/E'8r | 2v/B9 | EZR/OEY | L'66/Z66 | O/Z | I9YO4L | uWY | 0961 'L 1Udv | (D4S9) VSYN | ¢ vied 0961 [souL
ngio o) pejiog s 11 ounr YWY |0961 €2 Yoo |  VSWN suoy wouo1poy sesoydxg

20BN potiod

S1ans3y NO{123331d ’ IWVN

v1iva HONNYT 123ro4d

VIV IVLIdY0 LNININD TVILING

(QLNOD),STHONNVT 3IOVvVdS JO 9077 IVNOILVNYE3ILN]

B-3




-ouj *sapoivioqu 200d§ ‘b ON ‘£ “10A ‘00T FDVdS TLS woyf paonpoiday 1OUANTH o

A ‘ os0g oas0 ity Biequepuoy GIVA
‘ . : pueisy sdojiop ‘14
~ ofjendsy wogd ¥d

214141139 oy woaj uoNBULIIUE I ) SHU[Y |OIIMOUSHSY 4, e6uDY S{IESIN DHUDHY ANY
Hgio aipindas oju; paioala ainsdns | : ouaby-10 961°g 1udy | dvsn 1 opqwe 1961 £7 121940351
((sKop £26) 2961 ‘91 1udy passius-ay| 618 288 9t 10t 001z | @ ousby-oqy | S4VA | 1961°8)

g0 o pajing | — — — — 001 | 8 ovaby-oyr | @dvA | 1961 0 ¥2oW [ Vs auoN 7z 1ies03s1q

uiojiasun uonisod uesaid | €€ £000°s¥L /000 I o0 WNY | 1961 'SZ 42i0W | (3459) VSYN|  oddoy 1961 |(pL-d) 0L *2:019x3
STPON | ) : ; p

ouo) w0 paisns smanag| 679 £t tt ves 0gE'0l| umowqup | umownun| (961 ‘SZy2oW | dssn L o] 1961 0 1 Auindg
19616 YoW) | . . . ¢

pup] uo ?.smae oot | 679 st yiL OpE'0l| umouyup | umowrun| 1961 ‘6 YoM | ¥SSN L oioy1 1961 6 Mrusnds

nqio o) pajiog [ — — — — v 1§ ounr UMY | 1961 '729%4 | VSYN suoN 1 5p-5 1e101dx3

Sioi0das o4 PAIIDY | pg7 1s L §'06 £5/057 | 015 vyl | uWY | 1961 “1Z 954 NSO ©13 1961 1o, gg srsuni|

{(sAop ££) 196L 'DE Y2oW pasoiua-ay

dos 4 - '
(540 923) 2961 03 11ty pasorue-syy| 0B 659 691 856 001z | @ ousby-ioyy | @dvA | 1961°819°4 |  4vsn o197 1961 (g 1219003510

uoid9la ajnsdod pajuaaaid uoydunyow . X 5 R d
{(shop 97¢) 7961 ‘8T AINf pasatue-ay v'08 98y iUl A1) 0SyZ | g ousby-soql | G4VA 1961 L1 924 4vsn | uojisdy (961 07 1a:9a03s1Q
(susfis) 41qu0 uf | §'8E/9'8E | SESL/SO09L yIp/S6E | SLLL/EBLL| L1 noag L) 1961 ‘91 924 | {2459) VSYN 1 84130 1961 (095-§) ¢ s2101dx3
s4o|
‘52 9% _uo‘_o:ru.sA :iﬂomww:ﬂww 0's9 861 €1 res 244} ' g owwod 1961 8 ptuinds
woiy 8qoig m::o.> vu._ur:on_ umouwyun umowyuf) | 1961 'ZL 9°d yssn

{+usjis) 41q40 uojos ul :aqosd snudp | 4GS0 NV 0610°L | ««NV €81£°0| S4op 00E (1148 | owwog 1961 3qoid snusp
(sA0p Z2) 1961 97 434 paisiue-ay|  0'S9 $0Z 6l 868 6T'pL|  umouyun | umowyunt| 1961 ‘¥ 934 4ssn 1 oi%g 1961 £ pruindg
(suajis) uquo vp [ p'L6/L6 Ppe€/0SE £82/00¢ 8'96/56 001y | v ouaby-sojiy vd 1961 ‘1€ vor 4vsn L oyd|y 1961 { sowog

pa11spa djnsdod Aijus-a) ou . . 5 ,
!(sAop pg) 1961 ‘€7 Uof poreiua-ay 828 06¢ L1434 0°¢6 001z | g ousby-toyy | GAYA | 0961 0 >°Q dvsn no) 0961 61 124340331
1q10 o) pojiny ieqosd soun [ — — — — 88€ | o19v-soiy | WWY | 0961°SL29Q |  VSWN suoN mmcm_“ﬂ_mmw&

d

{shop §11) n_own_sma_uhuh.u””.h 808 92y £rl 866 001z | @ ousby-loyl | GJYA | 0961 °L 9% 4vsn owbi§ 0961 g1 1a19m051q
11q10 0§ p3|ID4 _ -— -—_ —_— 18 inosg 1M 0961 ‘v >°Q YSYN auoN (s910)dx3) ¢ inodg

A1jua-a1 ur pakosysap ajnsdod . . .
!(Aop 1) 0961 ‘T 29Q pasasua-ay 99 S9L 911 9'88 090°0L| umowyupy umouyun | 0961 'L 22Q yssn L °4y 0961 9 ytuindg
1331440 A}ayos abups Aq pakonsag —_ — _ —_ 0F/ €07 | 1248 3|qy-10y4} WY 0961 '0€ AoN NSN auoN T 9919/ Y€ usuo}
(tua|1s) yiquo uf | G'8p/6°8Y 69v/25% 69¢/ 488 7'86/¢°86 08 LU YWy 0961 ‘€2 AoN | (D4$9) YSVYN 1 !d 0961 g soiy

. bod
12u] 2obody ) NOI1D3d1a 2134

Viva VL0 LNIHIND IVILING v1vd HONNY] 1D53royd J.LNI

(ALNOD) , SAHONNVYT 30vdS§ SO0 ©07T TVNOILVNEIALN]

B—4




“ouj 's2140104090] 200dg *p ‘ON ‘€ 194 ‘90T AIVdS 1LS wosf paom

poiday (D14330) *

: 210 ity Suwmaapuoy 194 , =t
© o pusiadoyoy i i (
! L Tejjentay oy .
-oBUDy ey 1SN JuLDYY :
uol39la 3|nsdod pajuaadid uoyounyjow . . P njag
{(skop 6¢) 1961 97 150 posawa-ay | L8 552 ] 16 001z | g ousby-soy) | GJVA | 1961 ‘LL 493S Jvsn oydly 1961 Lg 1019403510
’ ﬁ * ﬁ
wp350 woly Eazmmm.omu.uum 9z 651 001 988 002 a sopy WY | 1961 ‘EL3deS | WSYN ol 1961 y sopy-Aindsey
110 Ul pa1aa0d3s I nsdod , . '
«(shop 06) 1961 _1 | 29 _:LE.& 928 sve st v'Z6 001z | @ ousBy-io4) | GJVA | 1961 ‘TL4dag 4vsn | oBawg 1961 0 1919003519
HqQuo o} pajing | — - — — 00Zy | @ oueby-sopy| vd 1961 ‘6 1dag 4vsn auoN g sowng
d .

Kshop 1) 1961 01 1dos poiojussy| 128 spe ovl 16 001z | g oueby-ioyy | adva | 1961°0c8ay | dwsn 15d 1961 67 s01000351Q
(sAop £) 1961 ‘87 By pasaiua-ay | p'9¢ 909 il £L6 181 inoag In 1961 'sZ Boy | (D4$9) YSYN D 1961 g1 1210dx3
(s4op £) 1961 ‘0F By paisiua-ay |  4°2¢ £Lg 501 'l6 §L9 | goueby-soy| WY | 1961 ‘€2 by VSYN 114d 1961 | 19buoy

u1o1adun uotyisod yussaid | /€€ /008’y /081 /6851 £9 nijaq ¥WY | 1961 'SL By | (D459) YSYN uojisdpy 1961 (€-§) ZL +2401dxg
‘B
pupj uo kﬁfw. uwwuu..u_u.ﬁ w_ohﬂﬁ 69 091 Lt 9'88 0£p’'0L| umowyup | anuoyiog| 1961 ‘9 By ussn L "ol 1961 T HOISOA
1950 0y paping | —- — — — 00iz | gousby-0y1 | gdvA | 1961 ‘¢ Bny dvsn suoN 87 121940351Q
1901340 K19yns sbuos Aq pakonseq —_ _— — —_ 001z | g pusby-1oyq) | QdvA | 1961 ‘1T Aior 4vsn auoN 17 1ar0ds81Qg
ngio vy {2 16/1°t6 | £022/0581 [ 820Z/0s81| S 19L/091 | 00s€ | @ ousBy-souy|  vd 1961 'zt 4ior 4vsn | owbig 96| £ SOpIW
(suspis) nquo u) | 6'2y/8°LY | T6V/90S vip/I9v | €£00L/9°001 | S82 ni|eq AWY [ 1961 “ZL A1r | (D4S9) YSYN 1 o4y 1961 m
. o Ut paian0ddl 305dod | (g €05 9l 56 001z | @ oueby-ioqy [ gdvA | 196L°LAior [ dvsn d 1961 97 1912003510
!(shop 161) 1961 'S 29 paaaiue-ay
41940 04 poj1ogd | — — - — 181 inodg L) 1961 ‘0 sunr YSYN auoN §§-§ 1a101dx3
a10indas oy pojioy /(aA1430) 4iquo u [ 8°99//9 | ZZ9/¥E9 9rs/ves | 8°€0L/B'E0L | OV/SS - . Z uornuQ 196). £ g1,/ unlu
(9a1i90) uiquo u | 8'99/29 | 129/829 ovs/ves | gsor/zg0l | st | VS OINVIUL] MWV ] 1961 62 sunt NSO [ wosd1uwQ 196, vy drsuoi|
(s hog o0 Lo PaI2A030) J0SI03 | .78 15z - 6E1 606 001z | @ ousby-roq) [ @IvA | 1961 ‘9L %uer | dvsn X 1961 §7 1e19m0331Q
{(s4op 92) 1961 "ZL A|nr passjue-ay
Hqio 04 pojiod | — — — — 001Z | @ ousby-loqf | GdVA | 1961 '8 dunf 4vsn 3uoN pZ 1019403510
4qio 04 pajing | — — - — 7 1| ounp gy | 1961 ‘vz Aow YSYN auoN L1 §p-§ 10:10)dx3
(+uejts) nqso vl | §'87/8'82 | POLL/ELLL p0g/v0€ | 8Z0L/1'80L | 28 1) ounp WY | 1961 "2z 11y | (D459) YSYN N 1961 (§1-§) L1 195093
192130 K}9y0s abuns Lq pekosseq — —— — —_ 0002 Q sopiy AWY 1961 ‘SZ 11ady YSYN JuoN € sojy-Aindiey
! d ) ~ ,
puoy uo .mm,_sm ﬁ_whﬁ _v_o“uuu 09 gz ] 168 8LY'0L[ umowqun  [anuoytog | (961 ‘ZL j1dY ¥ssn L oW 1961 L 104504

aabiag

VO_LO&

V1iVa IVLIgH0 IN3I HdND TVILINI

(ALNOD) ,SIHONNV] 30vdS 40 ©07]

v1va HONNVY

NO{LD341d
123r04d

‘91534
T.ANI

JWVN

IAVNOILVNAEILN]

B-5



“ouj ‘sap03pi0qn] 200dS *p “ON ‘€ ‘194 ‘90T AIVdS TLS woH paonposday 101210H .

es0g e3:04 Jty Buaquepuop GVA
SN Siy : pusis] sdojoM 1IN
S N . ' : ojjenBsy qmod vd
211198 oys wosy uORIN Wi K1t (OIHUSUOHSY o, oBusy ojmsI SHUORY ANV
19440 ou ,,‘paysuno| »__._._o_u“ow_oo“uﬂ.wo.v. umowjufy | g ouaby-loy] | GJVA | 7961 'I1Z 9°4 4vsn uoN
e e aisonds pouuoy | SZE £91 00t 588 86 | asopy uWY | z96L°0z9%4 | VSN owwos 2961 | 9 sojry-Aindia
(oAnia0) 41quo uf | £8K/C8Y | VIS/SZS 157/l |€00L/P00L | §82 vijsg awy | 2961'89°d [(Dd4s9) VSYN| | meg 2961 p sony
(ue)1s) 1170 15]0% w1 79q0id 1oun | BB6E 0 | NV 09U L | «.NV 68860 | SAop y'90y | [z | @ ousby-sopy| MWY | Zz96L°9zvor |  VSWN L od)y 2961 ¢ 1obuoy
uqio o) pejiod | — — — — 61z | /ois qY-oqL]|  WWY_| Z961 'WZ vor NSn avoN [ usoduo)
Wqio o) peiod | — — — — 001z | @ ~weby-oql | @JVA | 291 €Lvor | dvsn suoN 1 1212803510
OMBO—.L D4 D, - ’

19440 ou ,,‘peyauno .A*_._Ean-uu:w._” umouyuq) ( g ousby-sopy vd 1961 ‘22 2°@ 4vsn duoN

nddo
(sk0p 05) 2961 ‘I uof pasasue-ay | 7'(g 82 91 L't6 ot ) oy 1961 | 10350

uped0 EO._‘ ﬂOLO>DUOL O_Dnﬂuu N. _.@ OQN @V_. m _.0 QO —N n g&(-bﬂ-—h ¢m<> —00— N— UOQ u<m: L unnu!

{(sAop 98) 7961 ‘8 Yo10W pasajus-ay oyd(y 1961 9§ 194940081

! o
wne30 woiy peiorsstynccesony|  §'2E 8t 001 588 006z | @ sopuy UNY | 196L°6Z%N | VSN oudry 1561 § sojiy-Ainaiop
1010 ou , ‘poyounc] 4 |njeusasng umouun| g ousBy-soiy [ wd | 1961°ZZAoN | 3vsn auoN
(961 ‘8L AoN pessjue-oy | €€ o 86 £'e8 79 |gousby-soiy| uWy | 1961 8L AoN VSYN outly g1 7 19buny
ueps) nauo'vwy | pze/vae | eo/0u | v09/29 | 9sou/esol| ove ) oy 1961 2001}

mig o1qy-soqL | ANY | 1961 °SL AoN NSN s
(uopis) nquo uy | y'Ze/vEE | ZUL/00L | 695/285 | 9°SOL/9'SOL| 06l oudly 1361 gy suoig

d ;

skop g) 961 € 20Q poejuesg| 18 €1 m 868 001z | @ ousby-ioyy | gdvA | 1961°SLAON |  dvsn oyl 1361 5g 1019r0351Q

d d . d
worimungyous “uepre) iqro u | ST/LT | LIZ/LE9 | GUVEL | L'08/TL6 | 001 | @ ousby-iour | GAVA | 1961 °S AN 4vsn ondly 1951 pE 1019009510
yqm o1 pejiog | — — — — 051 inoag ANY_ | 1961 L AN VSYN auoN L sno3g-Ainasen
Ngie oy popied | — — — — 001z | @ ousby-io4L | @aVA | 1961 '€2+°0 | _ dvsn auoN €€ 1212403510

L] d od
proyisep, peroole fiqio uj | 656/ 0g£z/ s/ | 00991/ZLL | 00sE g ousdy-sopy | vd | 1961°1240 |  dvsn oty 61 y sopiW
d

(K0P 1£) 1961 "1 ron posopisog| 18 44 11 806 001z | @ oueby-ioy) | gdvA | (961 €L 420 4vsn ondry 1921 2 sas9r03519

S1Ins3y

Vivag Iviigy0 INJJIND TVILINI

im

G_U_L.U\)

E

V1ivd HONNVYT

NOI1L23d10
1253royd

(QLNOD),SIHONNVTT 3IOVHS 40 90T IVNOILVNSEILN]




rou] 'sa1403010907 200d5 “y "N ‘€ 104 90T ADVdS 'TLS wosf paomposday ooy o

: e os0g 9310 11y Biaquepuop igqYA
pusy.sdojjog 3|)
) ojenBiy Jurod yd
Budy 21SSIN JUUOHY TUWY
poojAod r6r . oA Y
peounouunun iggp| 'z Aoy panasg 66 8201 unsndoy | 2961 '8Z oW dssn L A z961 § sowso)
SHGIO € JaY0 PIIIA0II) .!:o&ou ‘g pun . . .
oL 0R0IY,, 7961 ‘pZ AoW peis-ay| S'TE 091 00t €98 §162 a soy YWY | 2961 ‘¥T Aow VSYN 122961 L Sojiy-Ainasay
peojdod payisso)s ciiquo o papiog | — - - — inodg anjg vd 7961 '€ 4ow Jvsn auoN auoN
(2961 ‘Ll 4oW jo so o4pp D410 N : .
Jouiu1) 13_»& p : 1530]5 n._._s,__._ Mww mmw mﬁ mwm g ouaby-ioy) | GJVA | 2961 ‘SI 4ow 4vsn 12 7961 auoN
[CIETT _ _— _ _— - ‘oL £
uontuby abois puodes :4iqio o4 pajiog SSE g aiqy-so4) | HWY | Z961 ‘0L Aow NSn 3uoN Vi ouvy
(2961 ‘0€ f1dy
40 SO DIDP |D}1qIo JouluL) poojhod | 7rgy L0¢ 86 L6 g ousBy-soy) | @JvA | 2961 ‘8Z 114dy 4vsn L d 296l 3uoN
S0j2 7961 92 Aoy pakooag
pooj4nd patjisso|2:796| ‘gz |11dy padvaeg g ouaby-soiy | vd | 2961 °92 1y dvsn Luz9sl uoN
poot£od pa _M.._0 qio o4 pajrg | — — — — ino3g anjg vd | 2961 ‘9z indv 4vsn auoN duoN
2w Z0p°9EL vo Buniywsuny ‘snjjates | 4°gg : .
jouonbuIalul YSYN ISI) g0 U]l 6ES WMM w“w MWW" 1431 oije@ WY | 2961 ‘97 [1dy v.mm.v\u_emmo«wz 1 02961 (15-5) 1oy
pooj4pd pasunouunbun . } B
12961 ‘62 |12y padooep 10 paisua-ay | 059 soz v81 906 wojoink || 7961 ‘92 |11dy dssn 1= 2961 p sowso)
pooj4od pasunouunun . . ILYY '
2961 ‘L1 1990130 pakvaag| O'6¥ i wl 86 unsndoy | 2961 ‘9T [1dY yssn L N 2961 € sowso)
210|104 Jaw g 0 anp aalbiadout n - .
siualwiledxa uoow uo payoodu) sanoy 0"p9 sawn 44614 0£L |9 ouwdby-sopy | NWY | 7961 ‘€2 j1dy VSVN L WZ96L p s9Buny
(2961 ‘0t |11dy
40 S0 04Dp |Diiqio |oiiut) poojdod | Gig/ £EE 86 516 g ouaby-ioy) | g4vA | 2961 ‘L1 j1dy 4vsn 1V Z961 suoN
PoI}Isso|d 7944 ‘g7 Aow pakodag
961 11dy o SO D4DP [041GI0 |DYuI g 3 .
O Y ot oo ) | 438 e o et gousby-sopy [ va | 296161y | dvsn L 2961 auoN
pootod pesunouusun cinquo vy | &:87 oo r S uysndoy | 29619 114y assn L1296t Z sowso)
{s40p 0£2) 7961 'ST Aow pasajus-ay 6v 609 SEL v'96 umouyufy|  umouyup) | umowyun | 796| ‘9| ydioW assn L o424 7961 | sowso)
9$DA|@J DID
19440 ou ,,‘payauno, xv n mw_uuoa P umowyun | g ousby-sojy | vd 2961 ‘L y210W 4vsn suoN
4 «'P3Y2unD| Ajny S
(2a490) diquo u) [ 8°7¢/8°2€ | 19€/0L€ LVE/vYE | 6'S6/T96 | 8sy oij2q YWY [ Z96L ‘L Y2400 | (2459) VSYN L 2497 2961 (91-5) 1 050
D Ul pa1aa0das aynsdod . . B
X(sAop 7Z) 7961 ‘12 Y>I0W pasasue-ay | T8 80¢ 802 68 001z | @ ouaby-soyy | g4vA | 2961 'LZ 9°4 4vsn 1 uojisd3 7961 8¢ 1219a0331Q

NOILD3d1a
123royd

V1va HONNVYT

1M

Viva aviigdao LN3 44N VILINI

(ALNOD) ,SIHONNYTT 3IOVLS 40 90T IVNOILVYNEILN]




“ouf ‘saps01000qn] 200dS B ON ‘€ "10A ‘90T TIVAS ‘1LS wo4f paomposday o11I0R *

: ; " bg w0 sty Biaquipunp  DIYA

E ‘ ‘ o puois séojop ‘I

, : el ‘ ofjenbry swiog ¥d
sbuoyj oSS SUMEY  SHNY

Aod .
2961 ‘1 ssBoy podooop 4 pessiua-ay | 059 %23 o€l 108 woyoind) | 7961 ‘82 4inr ussn LIV 2961 £ sowso)
(2961 ‘1€ Ajnf s
§0 0 DjOp J0j1qs0 |DI1ut) poojhod UL L1/ 6zl L'06 g ousby-out [ @dvA | 2961 ‘82 AInf 4vysn L ev 7961 suoN
payIsso|> 12961 ‘pT isnbny pakodag

tq pokonsop oo oy | — — — — | o |gousdysony| umv | z961°zz 4ot | vsYN suoN L soupioy

by _ﬁu_o...mu N_.._..mu._o._,_m_mm_v vmmo.mm £0L 812 al 006 g ousby-oqp | g4vA | 2961 “0Z AIor 4vsn L HY 2961 suoN
potjisso)d 17961 ‘Lz AInf hﬁhﬂ gousby-sopy | vd | 2961 '8t Ainr dvsn 1 2v 2961 suoN
oo, ..mhn..ﬁu__s_u_n.“....ﬁﬂ”..h“ w”u %MM MMM %m" ol mjeg awy | 2961 ‘01 Aor A._...wu,«hwu_me L 3V 2961 | toisja)
pesunouudun :79g| ‘g 4snbny hﬂ_uﬁ__ 68y 122 891 os s.......».é 2961 “0g sunr assn L vV 291 9 sowso)

(2961 ‘0F ounf
§0 SO 040p |B41q0 |0lsul) poojdod 094 86¢ LEL 9'€6 qousby-soy) | GAVA | 961 LT dunf avsn t Jv 7961 SuoN
peijiss013 ;2961 ‘p1 10queidag padodeg

B-8

(2961 ‘ot sun

§0 0 040p |0iiqu0 (iput) poojdod | g/ 051 0€L 068 g ouaby-soy) | G4YA | 2961 ‘2T dunr dvsn L av 2961 awoN
poiyisso|> :7961 ‘L Ainf pekodeg
£961 'p AoW (tiun sojoyd | g . .
10403 proj> Jeg 19 pomot tuaio ot | 198 o4 i vl | s oijsq any | 29161 sunr | (ods0) vevN | 1 vv 2961 § souy
(2961 "1 sunf Jo 30 oiop (g | 128 : :
Joutia) poopkod peyrssors gl | o8 o2 44 14 gousby-ioql | GJVA | 2961 °8Lower [ dvsn 10291 avoN
po|And
poLIssD[> :2961 ‘gL ounf pekeoeq gousdy-sopy |  vd | Z96L°zLeunr | dvsn L& 291 suoN
(2961 s eunr
jo =0 miop jouquo [ousu) sujjeios | £y orz 621 506 ol 7% 291 z wo%g
o1pDJ Jnaowp 1794 | ‘|7 dunf 1.:3«& g ousby-woy) | gdy 961 ‘7 oun
(Z961 ‘s @unp A | 7961 °T suer 4vysn
§0 0 D4op |oyqso [orur) poojdod | g'ps 174 €L S°06 1 X 2961 suoy

pa1j1ssD|2> :796| ‘§7 sunf padoiaQ
(2961 ° L€ Aow

_..*_.H_Hu._..u.._..mw_u..o—“go_p__“._mv_hﬁhm v uz T4l 668 g ousby-ioq) | QAVA | 2961 62 AoW 4vsn Lo 2961 suoN

ViVva V11830 LN333ND TVILINI V1Vd HONNVT 133royd

(ALNODO) ,STIHONNVTT 30vdS JdO 907 TTIVNOILVNAE3LIN]




“ouj ‘s214010409DT 200dS ‘5 ‘0N ‘€ 194 ‘90T HIVAS 1LS woy Paonposday oIy o

e s

(2961 ‘0¢ Bnm:oiem JO SD DJOP |DYIqIO
4ot yonons SUL 1oblh o ponioy pooydod | 618 €8¢ vl 82 §'1/ | §ousdby-oyy | @AVA | 2961 °LLsdes | dwsn L XV 2961 L SuL suoN

._vo_:mnn_u .&oo— ‘61 .hu._:.o:wz paipdag
ainj10y 3qoud

sAusp 9qoqosd iumouyun s|nsey 7961 71 1deg yssn LoV 2961 3uoN
2961 S| 19quaidag 4o s0 pjop |04IqIO 8'¢8 LUE 9.1 S'eb - .
e 1o pootéod Poytssor> iquo vl | 838 8Ly 681 &0 8 ousby-ioql | @dvA | Z9617Lides | dvsn LAV 2961 *uoN

!:__uw .&o;a n::.>

9|qoqoud :794| ‘9 :equaidag paioseq
(2961 ° L€ 4snbny , w0

4o s0 DjOp |D41GI0 _.._p_.._v Jo_:a 7's9 0sz yil v'06 @ ousBy-lo4) | GdYA | 2961 ‘8Z By 4vsn 12V 2961 N
paiyIsso|d 2961 ‘0 19quadag padodaq
S3|1W WE'PS 04 4n0 DyOp

P etroder s 1 atti pee z orem | WO'L | AVEZZL | wnvovor | skopave | o |@ousbysopy | uWy | z961°9280v | VSWN L 4v 291 Z souniop
possod ‘aqoid snuap 4190 1DJOS U}

7961 ‘1 1dag dssn L1V 2961 suoN

@010} aqosd souap

ajqoqoid 794 ‘Bz 4snbny pedoseg | 986 925 06¢ 966 7961 'Sz by assn L uv 2961 suoN
‘1£ isnbBny jo D DJDP jOjIQIC 9" 928 06¢ 966 .
(30 aordod poppesors e o | 996 % 88¢ 966 wosgam@ | vd | z6l'ezfev | dVSR L ov z961 SUoN
g ; o)
poodod peounousoun :ygo ul | 75 G &1 626 uysndoy | 7961 ‘g1 By ussn L=V 2961 g sowso)
M M NOisoA *0 u&__E
1'E Uy A %0407 PedD|d 4110 |DIIUN .
‘hiue. “.n xo.u; .o:w u!_:_.__..no ._n._.._._o 0's9 wl Tl y'88 :mm—_.o— wojoindy | 7961 ‘ZL By yssn L NV 2961  A04SOA
8p 190 Ajayoiodas pepupj yataodod ‘g inoqe,,
pup w3 7961 ‘S| isnbny paisyue-0y
sidio p9 091°01 .
40440 A|ajpipdas papuoj AdkojoyIN Y | 0769 9rl A%t €88 ‘1nogo woyninky (7961 ‘11 By assn L WY 2961 € A04SOA
pup uiqod :794| ‘Gl 4snbny paiajus-ay 90
pooj4od g ousby-soy | vd | Z961 s oy 3vsn L vV 2961 auop

paijissopd 7941 ‘9 isnbny padodeq
(z961 ‘p1 4snbny ,

40 S0 0jOp |DiIqI0 |DLILY) poojdod | g°Zg 144 1zl T06 gousby-roq) | @d4VA | Z961 ‘1 By 4vsn L v 2961 auoN
paryisso|d :794| ‘9z isnbay paiodaq

asBody aabrioy pouad EIRITENN

NOILD3¥IQ
S1nS3Yy -

ViVQ 1VLigd0 1NIJ3ND TVILINI v1iva HONNVT 123rodd

(@QLNOD) , S3IHONNVTT 3IOVdHS 40 907 IVNOILYNEILN]

B-9



-ouj *says010a0q0] 390dS ‘P ON ‘€ "10A ‘00T ADVdS TLS woy paomporday oUADN o

sioy 2|qoqosd E;oﬂ”r:w:ﬂwﬂ_n 2961 ‘v *oN 4ssn 1=8 2961 auoN
suoLssusuTH ‘aqaid 1o iqup 2njos 4] 1440 211433013} u) 5961 2961 ' %N Assn £ N8 2961 | ssom
e evniotn soqm oy it o | 108 oo Y SOL | ogc |msogvour| uwy | 29116020 | Nsn L W8 2961 g1 ouuy
poposs a_w_.v_r_”»_uﬁ,un_.hmm_w “mm._o__um o8 wmm” Ll e 86 wjeg WY | 2961°22+°0 | (D459) VSYN | L vEZ96L | (3€-S) §1 1910pdx3
L s ooyt posors, vt | i T o M aoussy-oqs | @dvA | 296192150 | 4vsn L %9 2961 suoN
sioy ajqoqoad Exo_“”w___w_ﬂwﬂ.h 2961 ‘v 20 yssn 1182961 3uoN

poojkod pasunouuoun suquo up | 06V Te o Vo wseboy| 9617020 | ussn L 08 2961 L1 sowso)

possiw ‘aqosd :.H__ __.”.w_m.w x.u_””.,_,.._. WZPPY | NV 1890°L | NV 86V6" | SAPPOLE | SSZ | @ ousby-souy | AWY | Z9L ‘61420 YSYN L H8 7961 § Jabuny
poojfod peauncuuaun | .cq 9%z ogl 706 woynand L | 7961 °L1 20 ussn 1 28 291 01 sowso)

12961 ‘17 1990450 pakodap 10 pasajua-ay
(2961 “01 1290420

40 0 040p |0jigi0 [Dlytut) poojLod §'is 162 £01 6'06 g ouaby-soy| EAZ 7961 ‘6 420 4vsn 1 38 2961 3uoN
palIssSD|d (7961 ‘9l 19quanoN pakodaq

sjlqio @ 13440 paJdA0O&s DUIIYDS ¢ 4! . . ‘'
L ourg, 2961 ¢ seqoiog peseruaey | S 911 001 068 0808 | @ souy MY | 2961’00 | VSN 1 98 2961 g sojy-Ainasey
2w Opp gL vo Buiyynwsuoy . ! ‘
raujjsios seiorind suisbiave suquo uf | 55 ot wt ol | e o1 UNY | 2961°200 | (Od4SO) VSYN | L8291 | (og-s) pL s2s019x3
(2961 "0¢ 1equaidas
0 50 010p [outquo otisut) poojkod | g9 e 6L £06 Qoudby-royr | @d4VA | 2961 °6Z eS| dvsn { 28 2961 avoN
pajIssD|d :294] ‘p| 4990430 pakoaaq
dw QNOO”~ ~m°m@M_. uo D:_.:Eﬂﬂﬂno N " . " -
o e souor g ul | oo H e vegl | 0z |@msbyueur | gava | 296t ‘gzades | PRV g va el (£z-5) ananoly
po|Aod padunouubun . . ’
2961 'L 199010 poduvap b pesojue-oy | 0’59 0z 1 006 woioandl | 7961 'zz 1des|  assn L ov 791 6 sowso)
2w 776° ‘€E7°9€| UO SUOISSIWISUD . : .
\a:_.wmquu_.._omoNu om__.m:u apiM :41qi0 ujf Mmm vm““ MM“ MMM 182 oij2Q YWY 2961 ‘81 4dag | (D459) VSYN L AV 2961 g soir]

EEL-IPR I poriad APYIA NOIL1D3Y

VIVQ V1830 LNI¥IND IVILINI v1vd HONNVYT 123ro4d

(QLNODO)  SIHONNVTT 30VdS 20 90T IVNOILVNAE3LN]

B-10




"ouf ‘sou01DI0qDT 200dS *p “ON € “19A ‘90T FIVAS ILS woy paonposday (ool

S RN T A RNk veog svey iy bmuepuna SBAVA
Jujonbe #g; woy sesibep fudiibuioul , , puoys) sdojion M -
. uutezzza iaafiady puo. seblied. Lo openBay . quiod . iYd i : U
15 . Seinu Spotied Loy abuDy S{ISEIN SyuDpY THAY .
(€961 '§1 A1pouop
§0 S0 040p [D41G.0 |D131ut) poojhed | 078 1924 06 @ousby-oq) | @dVA | €961 ‘L vor 4vsn vz £961 auop
payIsso|d :£94| ‘pz A1onuof padodaq
aan|toj aqoid .
Joun) o_nu._o.n EBeS_:__ M::&nu& €961 'F vor assn Vi £961 dUoN
Aod : '
10 19quibssq pakosep 0 pessiicey | 059 22 L€l 506 wopmd] | 2961 ‘zz 500 |  ussn L 58 2961 21 sowso)
Aop | seyp | 904 L9y 8Zp 766 .
uoyndunyjow A[ddns samod 1940 u) 106 GSy b3 4 66 SEl nodg anig vd 2961 '8t 2°@ NSO L A82951 VS isuozy
poojAod paijissoj> :igio o) pajrog | — — - — g ousby-soy [ vd | 7961 “Z1 2°@ 4vsn suoN auoN
aw (098°9¢ 1 "00Z 9€1 uo Bunpwsuon | (7§ J17] 17 €901 , P
o s asuom a0 vl | oo o 44 b rol w wnoog M| Z96L°913%a | O¥T YSYN] L xaz9l 91 1010)dxg
(2961 ‘S 19quaseq
40 SO Diop {DiiqIo [otiut) poojhod | QL 874 921 506 gousdy-oyr | gdvA | 2961 ‘vl >°@ dvsn L 087961 ouoy
paisso|d :£94 ‘g A1onunf padodsq
2w . uo Bupiwsuon BT X '
ipsuwos 1osoeder ontiD 41qi0 o) | & o 4 oz ossl | oijsq awy | z961'c139a |(D459) vsYN| 1 A8 Z961 1 Aojoy
y20qoy1d payIsso|d :41q10 uj Mnoum %ﬂw" WM" N““" g L1879t suoN
}20qpyo1d paryIsEn|> 11940 | mum MWM“ Mw" MM"” ¥ 1879l SuoN
yo0qox21d poyyssop uqrouy | E0L 8 n & Qousby-loyy | @dva | 2961 °z13ea | 4vsn £ 18 2961 suoy
ow 098'9EL | ¥'0L 9891 rl ysit |
Uo oiop uoyDIpO) BulpsuOH (H1qi0 U] |  £°0/ 62l €51 gorp | U z1829l g ol
(2961 ‘51 39quadaQ 4o s D4op [OHGI0 | QL 0591 SEl 6vLL L 18 291 auoy
Jontut) poojdod payyisso)s yqio uf [ pr0/ 1£21 £51 0911
(2961 ‘9 19queasg
§o 50 Dop 04120 o4 ut) poojhed | (g9 st1 61l zes gousby-ioyl | G4VA | 2961 ‘P 2@ 4vsn 128291 auoN
palissn|d 12941 ‘g 19quadeq pakolag
(2961 "0g 19quaaoN
§0 0 04op [O4Iquo oy1ut) poojhod | 2'G9 202 (14} 8'68 g ouaby-soql | GdAVA | Z961 ‘PZ AoN 4vsn 1 482961 duoN
poljIssD|d i7961 ‘g1 Jaquaedaq pedparag
oo(£od '
pousID> 17961 ‘71 18quoKoN pekossq g ouaby-ioqr | GAvA | 2961 °LLAoN | dvsn L ua 7961 auoN
(2961 'L 13quaroN
40 D Dop [D41qo [ouiu) poojhod | g/ 0s2 oL £06 g ousby-oys | GJAVA | Z961°S AoN dvsn 1 08 2961 auoN
pal}IssD]3 1794 | ‘€ 19queseq padoasq

S1Ins3d

U_U_£O>

v1va HONNVT

NOiLD341d
-123royd

B-11



i s

$41qJ0 77 19440

pa. .o>.ou! 18d007) "9 Yiim

‘ouf ‘sopiognioqo] 290dg ‘p ON ‘€ 194 ‘00T FDVIS LS woyf paonposday o121 Y

s1ans3y

(ALNODO)

L 4

sabrioyg

1020&

V1iva IvLiIgd0 INIJAND TVILINI

@-u.i.u)

V1vad HONNVT

SIHONNVTT 30VdS 40 907 TVNOILYNEILN]

NOI1D3d1a
123r0¥d

¥ L uod,, 6961 ‘91 AoW peisius-oy 598 000¢ | @ sopY gy | e96Lsthon | VSWN ¥s1 €961 6 sol¥y-Ainasoy
_.._._A.mwo.._g..n_»h.u.n_Hunu_n..““ﬁ_n V'8 6822 1744 0291 g ousBy-sojy | vd €961 '6 4o 4vsn YpL €9%1 auoN
..z_soue.w.mhww—.n.w”_.ﬁ..._w_._“ rw €149 09 052z sil oije@ WY | £961 ‘L Aow ._u._wﬁw"_me vel €961 [t
6961/ Aow potosep o peervesy| 059 6v2 61 v06 wopoindL | €961 ‘82 udy | HSSN Vel 5961 91 sowso)
poojAod payjiseol> 1qm o1 pa|Iod | — — — — Qousby-oul | @dvA | €961 92 19y | dvsn auoN auoN
poojAod peljissn> tuqm o) pojiod | — = — — wossenig | vd | €961 92149y | dvsn 0N sioN
€961 22 |1idy hﬂ_bﬂ.n.n._...u“”u_m 0's9 1£2 ot g8 wojound] | £961 ‘2z judy | wssn viL£9%1 51 sowso)
poo4od pesunouuoun g u | §87 sz 4 L unerdoy| €961 €LY | wssn Yol £91 pL sowso)
poojkod peyjissel> cuiquo ok pajiod | — — — — wosgenig | vd | £96L'siudy | dvsn auoN auoN
e ieteoun et | 95 o al e | sor aeq any | ool ‘Tindy [(Ods0) vsvN | ve €961 (9°5) L1 som0pdx3
1q o i et oy i 000'vEY |  008'SS sele £961°Z1dy | wssn 88 £961 y pun
poyrssors iE961 ‘97 |1y pokoreg gousby-soyy | gdva | €961°Lindy | dvsn VL £9%1 suoN
— hn_onﬂ.w. pooissy| 059 602 yed 868 wojonkp | £961 °0Z yoroW | ¥SSN v9 £961 £1 sowso)
poortts Betears s by paog | — — — - oveby-oyl | G4VA | €961 ‘8L yorow | dvsn suoN suoN
o s b o pone | — — — Qousdy-oyy | @dvA | €961°829%d |  dvsn suoN suoy
O oyios aotyssors it | &oos A o i wosg g | vd | £9%6L°6L9%d | dvsn ¥s €961 suoN
o et | Sk moee el o S om wjeq uny | £961°cL92d |(0d459) YSYN Vo €961 | wosuds
N K N I yet o A4 Qousby-ouy | @AVA | €961°91wer | dvsn vE £961 suoN

B-12




-ou] ‘$31401010QD] 200dS ‘b "ON ‘€ ‘194 ‘D07 AIVIS 1.LS woif paonpoiday 1014310 *

;ac_vca_‘ G OISO
Kpsrorsdes popun) oxouqsorer n | 0'S9 svl rit ves | 0ot wojoundy | €961 ‘91 sunf | usSN VEZ £961 9 yoisop
VEU Em&UU “Mg— ~@— 0::—. 10-0.:0.0“ ’
(€961 “0g dunr jo so ojop |oiiqie 0°06 69y 314 866 .
jonul) veo_xun pot}isso|d :4i1qi0 u| 006 (Y4 sy 866 inodg an|g vd €961 S1 dunr Jvsn Vit €961 suoN
pooj4od . .
poIyIsso)d ig9g| ‘s Ainf pekodsg 869 Ive 0t L6 41T £961 SuoN
poo)4od . .
poisso> :g961 ‘1z AInf penaeq 669 wy ott 0'v6 31T €961 duoN
00| Aod . .
pouytssopo 15961 ‘05 Aing poduong | 699 18% €01 've aiz £961 ssopiy
Aod aby- ’
108 :5961 'L 1snbny pokoseq | 969 o8y ol U8 QOUSVHCHL | BAVA | £96L 51 29| NSN/VS J1Z 961 y 909
pooj4od juswniedxs . .
47A €961 ‘81 Ainf pakoseg | 669 6w i e a1z £961 vz 4
(€961 "0€ #unr
§0 50 D4op ojiqu0 [DIILI) poojAod 669 10§ oLt S'vé VIZ £961 SuoN
poLyIssSo|2 :§94] ‘Z isnbny pakodag
» * . ‘
rcont 61 sunt peienon | 0'S9 gel 601 i [0 wopoindL| g961 ‘pr ownr | yssn v0Z €961 § yoisop
(€961 ‘St dunt
§0 50 Djop |Djiqso |on1uY) poojhed | 48 (474 ozt L'06 g ousby-ioyl | g4vA | £961 ZL dunf 4vsn V61 £961 uoN
poyisso|d :g96 ‘71 AInf padeasq
pooj4od paijisso|d :41940 0} pa|i1ny —_ - -— _ g ouaby-sojiy vd €961 ‘7L dunr 4vY$n auoN avoN
poojAod pedunouuoun ) " '
16961 ‘T oun[ pokodep 10 passjus-ay 0's9 81 o€l V68 woioindy | £961 ‘vz AoW ¥ssn V8l €961 8] sowso)
pool4nd pasunouuoun suiquo vy | &8 s o e wsndoy | €961 °22 40w | ussn VLL £961 L1 sowso)
poo|4od ouaby-10 ‘g1 Ao auo|
po}IssDId ig94] KN Aoy 1»»_-000 a y-io41 EAZ €961 8L AoW 4vsn V91 €961 N

aabnay

NOILD3d1d

Viva Iv.1igy0 LNIJAND TVILINI

(QLNOD) ,STHONNVTT 30VdS 40 9077 TIVNOILVYNEILN]

1M IWVYN

S1ans3y

vivd HONNV 133royd

B-13




-uj *sai0ri0qry 290dg  “ON ‘€ TOA ‘90T FDVAS 1LS wolf paonpoiday jorADH o

1010nbe By} wouy $80:80p IUOHOULIUY
01 0imois - eebody pun sebued

os0g 92104 1y Bisquapuop 1GIVA
puojs sdojjop ‘1M
ojendy swnod :vd

.. Bahui cpolied abuoyj of1sSIN DHUSHY ANY
. 06y LLE €91 126 100 .
poojAod pasunouunun :41q10 U} 06p s 91 76 unsndoy €961 °9 bny dssn vEE £961 6| sowso)
(€961 ‘L€ AInf ,
§0 S0 04O [041qI0 |Dlj1u) poojkod 6'vL [X:74 6 906 gousby-soy) | aivA | €961 ‘OF Ainr 4vysn vZe £961 SuoN
po131ssD)d 1§96 ‘|1 4snBny pakodeg
|N§$SIIINS $4S34 UOHDIIUNWWLIOD
41400 *|1201g 1240 oiysod o) pasow | Qg £28'22 w'w 80v1 98 oiyeq any | 961 9z Aing | 9359 Vi £961 7 woduig
‘4DSWOD 19409d31-9A1ID :41GI0 U| VSYN
£961 ‘1€ AI[ §o SO 4Bp |DIIGIO 88 0 ‘L .
(€961 ‘1€ 4101
§0 S0 040 [041q10 (O13u1) poO)4nd 678 602 ozt 668 Qousby-toyl | g4yA | €961 ‘8L KInf 4vsn Y62 £961 3uoN
poIyIssold 961 ‘g1 +snBny padkodag
(£96L 5L 4np
40 S0 D4OP |D41qi0 |DI}1ul) poojAod o 9LL Pt £'8 ouaby-so|} ‘ZL A0 auo
Po131503 ‘ai0p 0} paysuno| ouaby ] a Y-Sojiy vd £961 2L A1 4vsn V8C £961 N
Y00L ‘€961 ‘81 AInr pe4udag
961 ‘S| AInr 4o SO D4op |DYIqO . - )
_a_.mm: 18_—?.“ —.L:anu_u £ “m._oa.._ MMW MWM MMM M“M g oudby-ioyl| Q4vA | €961 ‘62 dunr 4vsn VLT £961 auoN
(€961 ‘0¢ dunr jo o ojop |D}iqi0 L6y 9 ’ ) 311|940 Y2205,
j0141u1) PasDe|9. ${1Dj9p OU “a.oac_ L6y me me "M““ nodg 1A €961 '8 dunr 4vsn Y92 £961 . uu____wfseow
ADD8p UOI40IPDI |DI131310 : .
oinsoew of yaoqoyd gl | L3 \iet oz yeel 9L asz £961 Lsonr i
(€961 ‘0 dunp qousby-oy1|  g4VA | £961 ‘92 dunr 4vsn
40 0 ©j0p |041qi0 [Dltul) poojded | 9|9 we 1Z41 $°06 Y52 £961 auoy
PoLIsSDd 1£961 ‘97 AInf pakndag
W 776°9€1 ‘ZET 9EL WO . .
suojssiwsuoy ‘Buiyoiado sjuawiiedxs z8s 6oy 8¢ v'i6 4|9 “1 3 (2459) .
N1 'sos6wn> s|BuD ep1a 10 up 796 Loy cgs V6 162 12Q YWY | £961 61 3unr YSYN ¥z £961 2 son}

S1ns3y

V1iVQ@ 1V1Ii930 LN3J4ND VILINI

V1vd HONNYT 153r0dd

[ e Juowsae

(QLNOD),SIHONNVTT IOVHS 40 90T IVNOILVYNSEIIN]

B-14




"ou] ‘sa1101040q0] 200dS ‘b "ON ‘€ '19A ‘90T ADVdS TLS woif paonposday jvu230H

*

(€961 ° L€ 4290430 jo S0 DyOp
J031qe0 JoutuL) s0y | pajudwbno-jsniys
padojdwa ‘poojdod payissopd :41q0 u)

6'68 oz 171} L'06
6°68 114 1741 606

Qgousby-ioyl i gGIVA | €961 ‘62 420 4vsn vy €961 SuoN

pooj4od

panyissoyd £961 ~ON 1340120 —vﬁkeuoa a Uﬁgqnﬂ_.‘ vd £961 ~wN 0 Jvysn YiP £951 auoN

projAod pasunouupun

961 ‘0 2090450 poko3ep o passrua-oy| 'S 981 £21 wayoink] | €961 ‘81 420 assn 80 €961 0z sowse)

86¢ £961 suoN
Y6¢ £961 suoN

poojdsd paiyisso)d> :31qi0 uj

?S—L! paljissoyd> :a1qi0 uy a g&(.nﬂ-( UNY £961 ‘91 420 4vsn

(2961 ‘0€

saquiapdag 4o so oiop Jonqio jonu) | 668 569 299 1201 .
kjddns somod 100j20u yg-dyNs punod-2z| 668 189 §99 201 wig aqqy-soyr | @IvA | €961 ‘87449 | NSN/4vSN V8E £961 auo

papajoul poojdod paijtssopd :j1quo uj

poojéod paysso)d :iqio o) pajiog | — — — — 1nog vd | €96t 2z e | dvsn auoy auon

(€961 ‘0€ raquaidag

JO SD D4OP [D}IQO |OLjIUN) J0Y |
pajuawbno-ysniyy ?.io_nEo ‘poo|4od
palpisso)d :€941 ‘Z1 4290430 padnaaq

6'vL FAYA 601 §06 Qousby-io4) [ aJva | €961 ‘€Z 4435 4vsn ViE £961 suoN

pooj4od

panyissops 1961 ‘1 sequaidag pakndag @ousdy-sopy|  vd | €961 °9 4dos 4vsn V9 £961 suoN

(€961 ‘0 12quaidag

40 SO DyOp [041q40 {O141ur) poojhod 618 911 SIL €88 as¢e €961 SuoN

2141SSD|d ‘Q7 13q043Q padoaa ,
P Ol L Cagl 11 ssnboy @ousby-oyy | gavA | €961 ‘6zBoy | dvsn
jo sb DIOp [Di1qu0 [onuy) poojhod | g°(g e 911 806 VSE £961 auoy

paljisso|a :g94] ‘L JaquaroN painaa(

(€961 ‘L€
4snbny jo sD DOP |D}IGIC |DI4IUL) JOY |
12:05?..?3_:.: 10.3_&:.0 ‘pooj4od

payisso)d :g96] ‘7| 12quaidag paknoag

0°sL 192 801 §°06 Qousby-toy) [ G4VA | €961 ‘vZ 6oy dvsn vyt €961 3uoN

E NOILD3HId

v1lvd HONNVA 123royd

V1ivad IVLIgY0 LNIYAND TVILING

1M

S1ans3y

B-15



-ou] sari01010q] A30jouyoa ] 200dg ‘€ “ON ‘b 104 ‘90T IVdS TLS woif paonpoiday 1oUIvH o

poojApd pasunouunun :£941 . . [
'pg 13quadag pakossp o passua-ay| 057 414 Lel 06 wosoind i €961 ‘61 2°Q 3ssn VIS £961 pZ sowso)
596102 _wﬁ“”n% o_g_ww_.wu_m gousby-sopy | vd | €961 81 2@ 4vsn VIS £961 auo
. 0°6y L4 LEl 806 BN .
pooj4od pasunouuoun :41qs0 uj 0°6 186 Py 626 unsndoy €961 "t 22 yssn YOS €961 €7 sowso)
sw 889 ‘pZg ‘Z9L ‘¥§ uo bunw 0°06 869 9¢9 0°£01
“sueu ‘poojdod paijissola tugio ui| 006 689 999 T 401 6 £961 SUoN
2w 00y ‘0§ | vo Burw . . 104§ 3|qy-ioyL Ulm £961 'S 220 NSn/3vsn
-supyy ‘Ajddns samod 03]3nu y4-J VNS o.o.o 004 959 —.nc— g6y £961 auoN
pepniow poojhod paiyisso)d :4iquo uj 0°06 069 599 vl
poojAod paijisso|d s R 6 '
:§961 ‘S| Jaquasaq pakoraq 004 9¢ 601 106 Q dusby-ioyj vd €961 LZ A°N 4vsn vey £961 auoN
O
1j013330ds . . —
. y'0g L0011 162 6201 . ' _
4 10501._w:00 jou w:—@E_hunxw ou . . YA JNDUID)-SD{} AO NDJUa)-So|
po1isot aliars pu0sss 73y rviar oS £601 08 1201 00201 J-SojiY y13 €961 LT A°N VSYN viv €961 [4 J-sejly m
[SEL] :ox_h< =u>m_u:oxwa uoibas
uoyjoipos ABJaua-ybiy pasasodsip|  g'gg 01s"12t 1474 sy €66 . (2d459)
“ou ([ 1'9€1 uo Bugsiwsuoiy ‘pauun)d 55 2z8'1z1 6L sy £°96 8€l o42g ¥13 €961 "9 A°N VSN Vv €961 81 sa10)dx3
uoy} Jamo| 3abodo ‘y JWy :41qe0 u|
poojAod pasunouudun :£941 . s
‘77 13quarop pakooap 1o pasajua-ay 6'v9 1144 24} £°06 wojond] | €961 ‘9L AN assn vsy €961 {7 sowso)
poojAod pasunouuoun :g94| X .
‘p| 43quanoy pakodap 1o parajus-ay 6'v9 i 1zl §'88 woyaink L 1 €961 ‘11 A°N yssn vhy £961 LZ sowso)
poojkod payjisso|d :yquo o pajing | — — — — Qousby-roy) | yim | €961 ‘6 4oN 4vsn auoN suoN
A}31)1qDdD3 12ANUDW 3AISUIYXD . 0/8 y1Z
Y4 M 4§013350dS §31A0G §SI1y . §1GIO U] 685 625 1z v'eolL €961 ‘1 AoN yssn vEv €961 L 10hjog

sabody aabliagd poliad 3214y 34S 2ieg NOILD3¥Id

S1NnsS3y .
V1Va 1VLIG¥0 LNI¥¥ND IVILINI VLVa HONAYT 153road

(QLNOD) , SIHONNVTT 3IOVvVdS 4O 907 T IVNOILVNYEILN]



*ouj ‘saii01vi0qDT AF0jouys3 ] 2ovdg ‘¢ *ON ‘b ‘104 ‘90T HOVIS 1LS woif paonpoiday 1014310

*

2w 0Z9°9E1L ‘ZY1'9EL uo Burmwsuon | 9y Lo9 sz1 61 oipe v6t ‘1z vor | (2459 VE 1961 2 kojey
‘}0SW03 13j03da1-9A1420D :41qI0 U] 09y 909y 8621 61 iUl 12a Y13 YSYN
1°66 81§ £0S £10l 3z 1961 auoN
Aod :31qJ0 .
PR PR A e bis L0S £ 101 @ousby-oy) | WL | ¥96L'6Lver | dvsn
(P961 ‘1€ A1onuof 4o s0 O4OP [DIIGI0 1°66 81S £€0S m. 101 az v961 auopN
jeutuy) poojdod payissold :iqio u| 0°66 81§ 00S €101
. 6°69 84S 698 §'e0l 31 $951 suoN
pooj4od paijisso|d :41qu0 u| 669 166 cee g0l
sw 9gg9¢| uo Buiyiwsuoy 6°69 08S 98 SeoL 00t al ¥961 G qa19
8412105 uolpIpos sojos uquo up [ 4769 8.$ £95 §'€01
ow £0g'9g] vo Bunuw| 669 08s 595 y€01 By - L p961 893
-suoiy “poojAed parpissol> g0 uj| 669 ale cos oy arcusby-Lvy | dLM | p96L LLuor [ NSR/dVSn >
tuswiiadxa 6°69 648 19§ v'eolL gL ro6tL 3599
uotypzij1qD}s Juaipoib £y1a0iB :j1qu0 u| 0°0Z 68 09§ S €0t
(961 'S Aionudp jo so ojop jojiqio 669 LLS 695 y'e0l V1 P61 auopN
[otitur) poojAod paiyisso|a hquo Ul - 6769 84§ £9§ §€01
: S5 2961 auoN
poojAnd paijisso|3 :umouxun snjog J
. S'r9 9€z S6l §'16 , 9% auopN
pooydad paipissor> suqio ul| - cg Y 961 L6 Qousby-loqr | uLM | €961°122°a |  dvsn 855 £961
poo)Aod B . vSS £961 3uoN
patjisso|d :p96| ‘4 Aionuof pakodag 69 681 Lot €68
W pZe9elL . . ,
“EEZ'9E 1 vo Buiwsuo "waists | 88 89y sev 66| an vijeq i3 | estizea | QY VIS £961 g souy
LdV Aupd o} soun) ysaty :41qi0 uj 24 0ey
pooj 4od PaYIss0a :4iqio o4 paping - - - - Qrousby-1yie| ALM £961 '0Z 220 4vsn duoN duoN
saipnis . 851
Aitsuap suaydsouno oy ‘4 sai01dxg o.mx vepl 89¢ o.m_” Sl n03g vd €961 ‘61 2@ VSYN VES €961 61 1910jdxy
04 |DI14USPI UOO||DG §004-Z| 4G40 uj 9'8L 891
CELIFEP| pouad ETEINEYY ajg ajoqg NOILO3¥Id
S1Ins3y IWVN

Viva HONNVYA

103royd

B-17



“ouf ‘saormioqD] AR0jouyaa ] 200dg ‘g "ON ‘b 104 V0T AIVdS TLS wosf paonposday (puainy o

& .
(r961 ‘TL yoioW
40 SO DJOP |0}1qI0 |D131UI) poojod 866 (i]24 68 868 Qousby-soppy | NLIM | F96L 'LL soW 4vsn vzl v961 auon
paiyIsso|d :p941 ‘9| yospy pakodag
pooj4od papissop> cugiow| .28 L o ore gouby-Lvy | Wi | ¥96L°229°4 |  4vsn VL 961 auoy
. L6y JAi74 0sL ¥ 06 LN ‘
Aod : a GZ sowso
projAnd pasunouuoun :41qi0 u| 60 15 o €26 uysndoy y961 L2 924 assn VoL ¥961 J
(7961 ‘97 A1onigay
40 S0 Dyop [0}41q10 {DH1ut) poojLod L'S6 8l L01 788 qousby-soy | NIM | V961 'SZ 934 dvsn Y6 961 SuoN
payisso|d :p94| ‘| ya:oW pakodag
pooj4od . . '
paijisso)a 1p961 ‘6 yoso pekosag | L SL 8Lz 611 6°06 Qousby-LvL | dLM | 961 °SL 9% 4vsn V8 ¥961 auoN
ojop ov_.»o:_ 04 pajiny juawnadxa 31 . R
-ydoibojoyd dnasoy> :uoow uo pajoodu) sinoy 9°9 :awy 4y 4 v08 g ouaby-sojy y13 v961 0€ vof VSYN YL v961 9 13buoy
_. :Ohov_0~m thb vD.D:_V . . .
uoyoinbijuos ‘4)aq uolyoipos sa4no vés mc—.Nv Ly V' 9SEL uosy2
uo U-O—- 01_>0._n 0} 101:0:._ “:J._O :_ _.0 RM Nv Q@N OOM_. ¢ mo VOQ— N v_ _W
danon 409S 19 609 2w 0sz £69 ool ge e wsh
’ : —
um:‘ :0& _..0:0_19_ c0=< uo Jauul
Apnys o4 aj1)ja4ps 21j14ud1dS :\"fo uj 9 4344 (474 691 Vo pael Leee
Hoiadods 0} o 81y 851 6€6
2. H ’ ‘ ‘ -
m >.wm_v “M”.M.ﬂ:w““”:_.__.n““mc: .ﬂu:n ol Ly o b6 00£°L€ | uinyog ¥13 | v96L ‘62 ver VSYN VS ¥961 §-v§ uiniog
R ow0/1'9¢1
'020°9¢ 1 vo Bupyiwsuoyy uodpaq S8 &vL 869 9 '
ASSY A woiBoud smoiadoos ot | ooy ots 290 w.wm" (s |@ousby-oyr | ¥iM | p961 'Sz uor Awm_wwv VP 961 Zoy>3
‘405W03 1042344 aaissod :j1qio uj
od 6 ¥ _
VLVQ IVLI940 LNI¥AND TVILINI VLiva HONAV 103royd
(QLNOD), SIHONNVTT 30VdS 40 ©07T IVNOILVNEILN]

B-18




*ouj ‘sa1403040qQD] AFOJOoUYDI ] 39DdS ‘C "ON ‘P 104 ‘90T ADVS TLS woif paonpoida)y] p14230)

L 4

(961 ST 1y ,
§0 so ojop [oj1qu0 |ouiw) poojhad | 9'g0y 60Z £6 V68 g ousby-sopiy | YAM | 961 ‘€7 My dvsn YOZ ¥961 suoN
payisso3 :p941 ‘g7 (1dy padoaag
poojod paiyissola :41quo o) pajiog | — — — — 1oig ajqy-1o4) | HiM | P96L ‘1Z 4V | NSN/4VSN auoy auoN
11q40 uy Aop . .
4s41j Bupinp sisai seanauow jo sapas | L8 S8z 481 t'zs P961 ‘Z1 ady ¥ssn 861 ¥961 Z 104jog
paiajdwos 9ADY 0§ paysodas :4iqio u) 1'8S LiE €61 §°26
aboys puodes sn|d ‘Juiwaq ayojdsajiog . . . o 4dt -
pausowun :pgs| ‘[ |1dy pekodag 9'Ze voz 00l 68 00v' 1L 1 uodt L di3 v961 '8 1y VSYN V8l v96l 1 upit | -lulwag
Aod . ,
9961 ‘2L 1110y pokodap so posoiosy | 59 502 01l b0 woiint | p9g| ‘p 1dy assn vLL $961 gz sowso)
woisboad A1ojaun)disju [nyssadansun
*6uo) u1 aqo.d ja1a0g pasunouunp 11q10 314uad01 oY y961 ‘7 1dy yssn asgl v9s1 | puoz
Py ayy x_to n—_ﬂho :-_Om uy
oul 86 9€ | (3459)
uo Buiyiwsuoy ‘sjuawpiadxa proiody YARTS 818 €Ll 600t , pEIS y
~2W0I3|W PUD JUOZO “as|OU d1450)0b 9IS £r8 081 £ 10t ost inodg 1M v96L LT oW W/ VSYN VoL P96l 713y
ysiinag wouy ojop Buiuingas :yi1quo uj
pooj4od pasunouupun R . '
9961 ‘8Z Yo10W pakooap o pasjua-ay |  8V9 i 611 88 wojoind) | p961 ‘LT 1OW assn wrL Il L7 sowso)
pooj4od payjisso|a :yiquo o pajiog [ —— — — — gouaby-1vl | LM | V961 VT oW dvsn suoy auoN
ysnayy aboys . _ _ . . (D459) v ._Eo_n_xm
PAIYE u31d1ynsu) :41q40 04 pajing ozl oheg 413 P96L 61 1oW VSYN 2uoN uodnag
pooj4od pasunouuoun . Iy ,
'p96| ‘87 1equaidag pakoasq 6y 0sZ L6 upsndoy v961 "8l oW yssn VEL ¥961 9Z sowso)
N et 2HS 200 [nowo3yia|  -ois3 -
VLVQ TVL1I8¥0 LNIYIND TVILINI 13r04d L )

B-19




*ouj ‘sanionioqo] AJojouyda | 200d§ ‘¢

ON ‘P 104 9071 ADVdS TLS woif paonpoiday 1v1aIvY *

6y- ! auo
_o_::5 vuo_xua paljisso|d :}1q40 u| 0511 (Y44 612 L6 (q ouddy-1vy]l -1 8. $961 ‘gl sunf 4vsn YOf v961 N
woiboid sowso)) 104
uotjpui|u) mau ‘poojdod pasunouuoun £1s 202 0gl 868 p961 ‘0t 2unr ¥ssn V6 1961 It sowso)
1p941 ‘81 dun[ pakodap io paiajua-ay
. 6 A\ 41\ 1'68 o) .
poot4od pasunouuoun :41q40 uj 0 Mv 9lE wi 96 unsndoy y961L 9 aunp Assn v8Z ¥961 LE sowso)
(¥961 'L sunt
§o S0 Djop [Di1q0 [Dy1ut) poojhod | 708 9 €6 706 goudby-Lvy [ dim | ¥96L 'p 2unf dvsn VLT v961 suoN
patyisso|d> :p94| ‘gl aunf padodag
(P961 ‘S aunr 4o so ojop joqio [ 506 565 1§ L'€0L .
[o141u1) poojhod patjisso|d uiquo ul | pQ6 765 LES UE0L ino3g uim | p961L g aunr 4vsn v92Z ¥961 auoy
aboys puodas Af-§
0} vo;uc:u 10:&;0 mb_:mvoE 3J1A13S . . ’ . £
puo puowwios ajojdiajioq ojjody 8'1E ol vzl 5’88 00g'L¢ | uinjog y13 V961 "87 Aow VSVYN VST P96l 9-y§ uinjog
pauubwun :p9g| ‘| aunf padpdag
(r961 ‘9 4oy
40 S0 vi0p joyiquo [oy1ur) poojhod | £ 68 9€Z 88 1'101 @ ousby-souy [ HLM | ¥961 61 4ow dvsn vrZ #961 auoy
payissofd :p94| ‘ZZ AoW padoiaq
proj4od pasunouusufy . . '
‘P96 '9Z AoW padnasp 1o paiajug-ay 69 8£7 2141 706 woyoind | y961 ‘gL AoW assn veZ v961 0g sowso))
(r961 "0€ |11dy
jo so ojop |ojiqs0 joyiuy) poojded | °0g 74 601 806 q ouaby-1y) LM | Y96L ‘L2 1dy 4vsn vZZ ¥961 auoN
paijissn|d :p9g| ‘9z AoW paiodaq
pooj4od pasunouuoun i . .
9961 7 Aow pakodsp 10 parajua-oy 1's9 61 fedl 568 wojosndif 96 ‘S7 My assn YIZ ¥961 62 souso)

sLns3y

YiVQ IV1I930 LNIYAND TVILINI

(QLNOD),

ViVa HONNYT

S3IHONNVT] 3OVvVdS JdJO ©07]

NOILD3¥1d

123ro¥d

TVNOILVNYEI3 LN]

B-20




‘ouy ‘san031010QD] AFOjoUyna J 200dg ‘¢ ON

% ‘104 ‘9071 ADVdS TLS wosf paonpoiday (vua10) *

sabrayg

aabody

VivVa Iv1iigy0 LNJAIND/

pouad
AVILINI

ETEICEYN

ajoq

Viva HONNVA

NOILDO3¥IG
103royd

21§
T

pooj4od pasunouupun R R '
9961 ‘52 Ain[ pakoasp 1o pasajus-ay €S 991 gel 768 P96l ‘1 Ao y¥ssn V6E ¥961 Gg sowso)
a19ydsojaubow puo . .
1139 J34N0 Ul S{UAINSDIW UO}}DIPDI €09 wo_.—v 062 6CIEL a8¢ v961 p uoippai3y
SNOJUD}|NWIS 3Y0W Of PApULI 1§1qI0 U] 19 9L0° 1y 82 p961 " LL AIf §ssn
HOY COIIY 1OA .01 809 99¢y 0s¢
:Ozb_mgﬂ‘_ Jojjuow o} Oa_—_ﬂouw JU._UUWU; Nmoﬂ <®M VO&.— M :O;.JU_N
£u.:=o_ |DApP ‘UOHYI|J PUOIIS :41qi0 uj 19 s9ev 1s2
Aod . P
poigissop> 961 ‘9 ssabay potooag | 08 982 2t 0'L6 Qousby-1vL | dLM | 996L°0LAor | dvsn vLE 1951 auoN
(¥961 ‘SL A1nr 3o so DIOp |041qI0 . .
[otiu) poojdod paijisso)> g u) 0°€6 91z 641 606 ouaby-soi o Avn a9¢ v9sl auoN
pooj4od ] ] a V-solly | 1M v961 9 AIrr 4vsn suo
poijissol3 :p9g 1 ‘g Ajnf pakoasq 0'té 1444 v8l vL6 v9g v96L N
(¥961 ¢ isnbny o so D4op [DIIqI0 1'z8 1743 (1] b 676 . .
(ouu) poojdod patyissol> -hqio uy | 128 6¢ L 676 Gouby-ivi | ALK | yssLizAnr | dvsn vee rabL N
0ojAod pasunouu s
99616 Aint pokovop b posowo-ay | 059 342 @ 06 wopoindy| pogL L AINF | usSN voE V961 pE sowso)
pooj4od paijissp|> :41q10 0} pajioy — —_— —_ —_— inoog UM p961 ‘ST dunf 4vsn auoy auoN
0)4Aod pasunouu '
961" A0 pokosop 1o posowu-oy | 59 281 01 v wopoind | p96L '€z sunf | ¥sSN VEE 1961 €€ sowso)
(v961 ‘0g aunr
§o S0 040p |D§1quo [DHiIuY) poo|kod 0°s8 £82 601 0'té g ousby-1vy LM | v96L ‘6L dun( 4vsn vZE 1961 suoN
patyisso|d :p94] ‘91 +snbny padodaq
poojdod paijisso|d :j1qie u| NMM MMM M"M N“m“ ats po6t auoN
. . . Q ouaby-ioy) dLm | ¥96L "Lt 2unr dvsn
(v961 '81 2unr jo s ojop |DiIGI0 866 s 9IS 9°10L VIE P961 auoN
joustur) pooj4od payisso|d :41q0 v 8'66 X4 vis 9101

B-21



-ouj ‘sa1101040q0] AFojouyaa | 3ovdg ‘C ON P "JOA ‘9071 ADVdS 1.LS woif paonpoiday [v11310H .

|N§$S233NS S8} UOYDIIUNWWOD . . , . ) (5459) ‘
rapnutbuo] §,08| 10 pavoriors mou | 0.1 et MR Tooi | = avi AL | v9eLs1boy | OR v 961 g woouds
‘10SWod w:c:o.ju:»m A)nay ysaly 131qa0 uj
poojod pasunouunun :4iqio u| N—Wm me WM" M%M 9% ¥961 O sowso)
pooj4nd pasunouuoun :j1qi0 uj MWM WWM WM" MMM y961 ‘61 Boy ASSN a9r v96l 6¢ sowso)
youno| pooj4od ajdiiy 131a0g 1°9¢ (Y4 1 €16 Yoy v961 8¢ sowso)
sy .vco_xan_ paJunouuoun :4iqio uj 79 1449 0gl 266
poojAod paryissojd> :41q40 u) %MM MMMM MW“ “MM__. a5y v961 SuoN
(r961 S| 4snbny g ousby-sopy | HLM | ¥961°vL By 4vsn
40 SD 040p |041q10 |o14iu1) poojhod $°66 161 €6 0°68 VSP 1961 auoN
paljissogd :p96| ‘€7 1aquaidag padoaa(
Aod : . .
22 15uBny pokosep 10 poserscny | 59 981 Jid) 568 wojoinl| p96L'pLE0Y | dSSN vob 961 L souiso )
oj4Aod
poiy1ssop> 9961 ‘15 1sn6ny potevag | 008 9£0v 122 £06 @ousby-1vi | HLM | ¥961°S By 4vsn Ve 961 auoN
pooj4od pasunouudun :j1qso u| oM“ Mm ww“ M"M ::“ﬂwux v96L ‘0€ AInr yssn Vv v961 9¢ sowso)
saynuiw ¢| 4so| ut sydosbojoyd A4ijonb
Y61y 9|y pauinias juswsadxa 31 sinoy 9°g9 :awny 4ybij4 908 @ ouaby-sojiy 3413 | v961 ‘82 Anr VSYN Yiv v961 [ 19buoy
-ydoibojoyd dnaso|> :uoow uo pasonduy
DJOP UOI4DIPDS UIN}I) Of PIpU}LI 1'9¢ SIYy § 68 .
2}1)|24DS Y2103SaI [DIPIYDHIY (41GI0 U) 1798 s1y 2°6€ sy 207 961 9 s¥L
s2ai6ap Op| 4q £ SON sBo| ‘€ SN | L'0¥ $34.0°001
o4 |03usp! UOIPayDSO3! pqo uf | 4O sroot | 86 [qousby-souy | wi3 | w96t ‘z14inr | dvsn 80v v961 b SaN
waysds 10suas auiog bes 14 57001
-311]]24DS 453} 0} 3}1||24DS UO1}I3)p . . 81¢
10319nu [Djudwiiadxa :41qi0 uj §'6t S E00L vor v961 £ SON
aabuia o113 ajdIya
1ed | peved PeA NOILJ3¥1a
V1iva V1830 LNIJAND TVILINI V1va HONNVT 1o3royd
(ALNOD),STFHONNVTT 30VdS 4O 90T TIVNOILVNAEILN]

B-22




rouy ‘sanoivioquy ASojouyoa y aandS ‘g CON b ‘104 ‘90T AIVAS ‘1LS woif paonposday jv1ia30p

V1iVa IV1igd0 LNI¥¥ND TVILINI

V1iva HONNVYI

NOILDO3¥Id 9IS
103royd T4

(QLNOD) , SFHONNV'T 3OVdS 4O OO0OTT TIVNOILVNYEAELN]

(v961 ‘51 19quissdag ,
#0 50 p4op [ohiqio joyul) poojdod | (°G8 98z 111 8°06 Qousby-Lyl | ¥LM [ p96L pL 4das 4vsn v9s v961 auoy
patjisso)d :p94| ‘9 19q0420 pakodaq
pooj4od pasunouuoun :py94| o1 4d
‘g1 1aquiaidag pakndap 10 paajua-ay s9 £02 ;74 06 wojoind )| p961 ‘gl +dag yssn VSS ¥961. Gp sowso)
siuaw)1adx3 |021shydoab oz jo 9| . , .
. . e LSV've 174 SI46°€9 . 6y~ 'y 1da (2459}
wouy 0jop poob Buruiniar ‘pajustio-yiia . . . -€L0°L | g oudby-sopiyl LI | p96L ‘v 4deg v¥s 1961 1090
uDyy 124405 Pazy|Iqois-urds :11q40 u) L'Lg £28'C6 SLL SIY0'Y9 VSYN
pooj4od pasunouuoun :41qs0 u) —MN wmm WMM MMM ::“wov— v961 ‘67 by yssn VES P961 yp sowso)
paxa0;
s3|ppod i0jos uaym p96 | ‘gz isnbay( /g6 285 99z v'86 : By ‘o7 B (2459) , snqut
Jisun pausnjas sojoyd 0OQ’LZ ‘941]|940S 986 615 £97 €86 0g8 g puaby-ioy) 1M v961 "8Z by YSYN Vs v96t L snquiN
1ayioam uoyprauab-puosas 14140 uj
2w 0SE°9EL ‘089'9€1 uo Buniwsuoy . .
‘wosboid sapunog apisdo) o jiod o.on ve9 LS o.mo— 16 03¢ HiM v961 ‘7 bny (2459) VIS v961 0Z 1e10)dx3]
‘a41]|240s Y2103521 213ydsouos :41qi0 uj 6'6. ey ovs 6'€01 VSYN
e AR o | oo | w |
wnsbosd . . P96l ‘7T By ASS
sowso ut yaunoj poojkod ajqnop| 067 434 wt g6 utisndoy Y05 v961 Zp sowso)
is114 ‘pooj4Aod pasunouupun :j1qi0 uj 144 £89 144 8'L6
poo|Aod pasunouuoun :j1qi0 u) —ww MWMH“M Mww QM”M woyoinky | pog1 ‘zz By ussn a6y 1961 Ly sowso?y
(961 °ZZ 4snBay jo so miop [ougio |  (°GY| b4 £07 16 . . .
joiiut) poojdod paigtssos nqio u|  g'gql 922 [z 916 Qousby-1vl | LM | V961 °LZ By 4vsn 8y v961 auoN
ELAA

B-23



-ouf ‘sapi03v10qD] ABojouyda | 220dg ‘¢

“ON ‘b 104 ‘9071 AIVdS T.LS woif paompoiday U1V o

pooj4od pasunouupun :41q10 uj omw Mw” WW” “MM wooink] | P91 ‘vl 420 ASSN V99 $961 gy sowso)
ma_aho 0— 19440 10m=.:u_
‘01063 ), ‘g pup Aoisyy0a] Y . " . 1 sop
'AIDWIOY " — M3ID UDW-2DIY) s9 174 001 106 wojoind) | §961 Z1 420 yssn VS9 p961 poyy
Sl VOO— .N_. uOJO-UO TNLO.:Q.UM
Jw /1'9¢1 uo Bunjiwsuoy ‘saso| R .
Aq paydo4; Burag ‘aj1||a40s Y2103s31 N.on N%N o—wm WWM" 9Lt 1003g UM v961 ‘6 420 Awmwwv yv9 v961 77 12101dxg
21yapoab pup asaydsouo) :41qso uj L'6L 6
pooj4od paiisso[d> :41qu0 o4 pajiog |  —— — i — g ouby-soiy | Yim ¥961 8 420 dvsn auoN auoN
pooj4od payrsso|d> :y1qio uf | 0°06 €49 159 9'901 389 ¥96t UON
pooj4od paijisso|a : 6'68 vL9 659 9'901 Joig 21qy-toyl | MM ¥961 ‘9 +20 NSN/4vsn J£9 v961 auop
poojdod paiyisso|d : 6°68 €49 {59 9'901 a¢9 v96l auoN
L achnoliod paounououn LI gwg 157 ot 006 woioinkL [ p96L ‘9 10 dssn V29 1961 Ly sowso)
N LOJO«DO —vuxuunﬁ 10 10-0:__0.&”_
pooj4od patyissola iyquo uj | 00y 424 601 06 gousby-LvL | dIM | P96L G420 4vsn Y19 961 auoy
2w Gp)°9g| uo Bunyiwsuoy . . .
. ; S'eE L6865 61 s Q'S¢ . (2459)
31w 005'9Z 1 pauuod uoy samoy . . 9€L o42Q 4l y961 '€ 42 1a101dx
yonw 23B0do * gy puodss cyiquo uj | S E€ £57'65 el sy gt 3 61 € 120 oty V09 b961 Z se10dx3
00jAod pasunouupun :
17 000y pokosep 10 possiuney | €0 891 el z68 v961'pz4des | assn ves v961 9y sowso)
po|Aod patjisso|d
p961 ‘82 _WJE_&%% 1...wxouw_n_ q ouaby-sojiy LM y961 ‘€7 +dag 4vsn v8S v961 auopN
aboys puo3aas A|-G o4 paysoyo
341qJ0 Sajnpow adiAIas ‘pubwwod R N . A
P no.c_n_h%:oa ojjody vﬂ::oE:: L'1g vl vl v'88 00£°9¢ | uinjog 413 P61 '8 #dag VSYN VLS v961 L-Y§ uinjog
1p961 ‘7T 19quaidag paknaaq
6od EELIFE)
S11ns3% 2ebodv 1od | Pored |, |LSMRA | ous Nowdadial  "oisag
V1ivVa V1S40 LNIJIND. TVILINI v1vd HONNVYT 103royd J.LNI

(AQLNODO)

SIHONNVT 30VdS 40 907  IVNOILVYNSYILN]

B-24




